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Io INTRODUCTION 
10 Object 
The studies reported in this thesis -were made in order to develop 
design procedures for reinforced· concrete slab and beam floor systems 0 The 
type of structure considered consists of a slab with beams arranged in a 
rectangular grid supported by columns at the intersections of the beams 0 The 
stiffness of the beams relative to the stiffness of the slab varies from zero 
to infini ty--corresponding to the type of building construction known as the 
flat slab when no beams are present and as the two-way slab when the beam 
stiffnesses are extremely largeo The design considerations presented in this 
thesis represent an attempt to establish a common design procedure for 
structures of this type 'Which would permit the analysis and design of the 
structure in the same general manner irrespective of the presence, absence,' 
or relative stiffness of the beams 0 Separate design procedures for flat slab 
and two way slab construction are currently used in deSign; no specific design 
procedures are available for the design of structures composed of sLabs ~th 
beams having relative stiffnesses between the flat slab limit of zero and the 
two-way slab limit of near infinite.. The basic action of the slab and beam 
is a joint resistance of the total moment in any direction 0 The apportion-
ment of the total moment to the various parts of the structure throUgh con"':' 
sideration of this basic action is the major objective of the studies reported 
in this thesis. 
20 Scope 
The studies reported in this thesis are entirely analytical in 
nature 0 A number of experimental studies are recommended based on the analytical 
studies made, and. a number of experimental studies are referred to in context; 
however, no experimental work is reported hereino 
2 
Analytical studies were made of results of two ty:pes of a.na.lyses 0 
First, moments obtained from elastic analyses were expressed in tabular and 
graphical. form and analyzed to obtain moments 'Which are considered to exist 
in the structure under service loads" Second, required moment resistances 
obtained from yield-line analyses were expressed and analyzed in a similar 
manner to obtain moments 'Which are considered to exist in the structure under 
limiting loads near structural failure. Through considerations of the results 
of these analyses, recommendations ~e made for the design of beam and slab 
floor systems .. 
The :princi:pal ty:pe of structure considered in the analyses is com-
posed of a reinforced concrete slab with beams continuous over column supports. 
All slab panels bounded by the beams are considered to be equal and rectangularo 
The beam stiffnesses are equal in anyone direction, but may be different in 
orthogonal directions. Panels continuous on all four edges, representing 
interior panels; continuous on three edges, representing edge panels; and 
continuous on two adjacent edges, representing corner panels, are considered 
in analyses" A few analyses were made of structures three panels wide with 
the center· panel being half as wide as the edge :panels, and brief studies were 
made of the effect of unequal panels' on moments 0 
All loadings considered were uniformly distributed over an entire 
panel. Concentrated loading and partial panel lOading were not considered 0 
Analyses were made for loading on all panels, representing dead load, and on 
selected panels, representing 11 ve load placed to produce maximum moment 0 
The studies reported in this thesis are grouped in four chapters. 
A brief outline of these chapters follows: 
3 
Chapter II cohtains a description of the methods of elastic analysis, 
table·s and graphs of· the results of analyses, and studies of the effects of 
the prinCipal variables on beam and slab moments 0 
Chapter III contains a description of the phases of the yield-line 
method of a.na.lysis applicabl.e to beam and sl.~b structures" ta.bles and graphs 
of the results of analyses, studies of the effects of the principal variables 
on required moment resistance, and various studies of the action of beam and 
slab structures under limiting loads near structural failureo 
Chapter IV contains a summary of the results of analyses and studies 
presented in Chapters II and III, and tabulations of moments in· forms more 
suitable for design9 
Chapter V contains recommendations for the design of reinforced 
concrete beam and slab floor structures based on the results of analyses and 
studies in previous chapters. 
Chapter VI contains a brief summary and concluding remarkso 
Analyses of the shear distribution and recommendations for the design 
of beams and slabs for shear were not included in the scope of this thesisc 
3 0 Sources of Information 
To a great extent, the basic coefficients from which the elastic 
moments herein were computed were obtained from several sources 0 Moments in 
interior panels for loading on all panels were computed from coefficients 
computed by Sutherland" Goodman" and Newmark (5) 0 Moments in panels with one 
and two edges discontinuous and other moments utilized in obtaining moments 
in structures loaded for maximum moments were computed from coefficients given 
by Siess and Newmark (2). Moments in panels with alternate rows of panels 
4 
loaded were cOIII]?uted from coefficients given by Ne'WIIlB.rk (4). Moments in 
edge, corner, and institutional. plan panels were computed from solutions of 
difference equations made on the University of Illinois Digital Computero 
Studies involving the ,action of the structure at limiting load 
capacity' are based on cOIII]?utations involving the yield .... line theory as pre-
sented by Johansen (9, 10) and Hognestad (11). 
Building codes, technical articles, and other sources of informa-
tion were utilized in the formulation of the results of analyses and studies 
into the recommendations made for the design of reinforced concrete slab and 
beam structures. 
4. Notation 
The following notation is used in this thesis. 
DL 
LL 
w y 
S 
iN 
Y 
~ 
Y 
w y 
p 
F 
Load per unit area 
Dead load 
Live load 
Yield load per unit area 
Yield load per unit area for yielding as a structure 
Yield load per unit area for yielding as a slab or 
panel 
Total yield load on panel, w ab y 
Concentrated load or column reaction 
Concentrated corner reaction 
Total dead load on a panel 
Total live load on a panel 
Uni t dead load 
Uni t live load 
a 
b 
a/b 
a , b 
r r 
r 
p 
x, y, z". 0 ••• 0 • 
c 
ca ' ~ 
N 
5 
Design unit loads reflecting effect of column stiffness 
Span of' beam or slab 
Span of slab or beam in direction of moment under 
consideration 
Width of panel 
Ratio of panel dimensions 
Distance from edge of panel to yield line or inter-
section of yield lines 
Symbols related to span of' slab utilized for convenience 
of notation 
Virtual deflection 
Radius 
Angle between radius and tangent to circumferential 
yield line 
Radi us of circular loaded area 
Symbols denoting distance in derivation of equations 
for yield moments and locations of lines of contra-
flexure 
Diameter of circular column at junction with bottom 
of slab 
Side dimensions of rectangular column or width of 
beam stems below slab 
Slab stiffness, EI/(1_~2), where E is the modulus of 
elasticity of the slab material, I is the moment of 
inertia of a unit width of slab, and ~ is Poisson's 
ratio; ~ is also defined later with reference to yield 
line a.na.lyses 
6 
R 
~b 
Stiffnesses of beams in a and b directions 
Relative beam stiffness, ratio of stiffness of 
beam in a direction to stiffness of slab of width 
b, E I IbN 
- aa 
Relative beam stiffnesses along exterior edge of 
panel 
Ratio of unit positive yield moment in b direction 
to that in a direction 
Ratio of column stiffness to beam and slab stiffness 
Static moment of panel with point supports, wa.~/8 
Negati ve beam moment, beam moment over column in a 
direction 
Positive beam moment, beam moment at midspan in :::: 
direction; in yield line analyses, positive beam 
yield moment at midspan in ~ direction 
Negative column strip moment, moment in ~ direction 
at column in strip of panel extending b/4 to each 
side of column 
Positive column strip moment, moment in ~ direction 
at midspan in strip of panel extending b /4 to each side 
of' beam 
Negative middle strip moment, moment in ~ direction 
over beam in .:!? direction in strip of' panel extending 
b/4 to each side of midspan of the beam in the b 
direction 
~,< 
c c ~'3' ~,4 
e 0 0 
~, ~, ~, 
oe c c 
~,~,m4' 
c c 
~, m4 
Positive middle strip moment, moment in ~ ~rection 
at midspan of panel in strip of panel extending b/4 
. , . " ~ 
to each sideo! center of panel. 
Intensity of slab moment in a direction over column; 
in yield line analyses} unit positive slab yield 
moment in a direction 
ID:tensi ty of slab moment at midspan along column 
line 
Intensity of slab moment in a direction across beam 
in £ direction at midspan of beam in :£ direction 
Intensity of slab moment in a direction at center of 
panel 
Static moment of unit 'Width of panel, wa.2/8 
Beam moment in ~ direction perpendicular to exterior 
edge at exterior column 
Beam moments in edge beam 
Beam moment at corner column 
Beam moment at midspan of corridor, institutional 
plan panel arrangement 
Column str"ip moments in strip of panel extending b /4 
to one side of edge beam 
strip moments at midspan of corridor 
7 
Strip moments in corridor panel for width of corridor 
Intensi ty of slab moment in edge J corner, and 
corridor panels at locations indicated by subscripts 
and superscripts corresponding to beam and strip moments 
defined previously 
8 
my' m' Y' 
m', mn , mit' 
mt 
ay 
I, I 2, I 4, ...... 
Pa' Pb 
M 
o 
~o' ~o 
5 0 Acknowledgment 
unit slab yield moments; prime denotes negative moment; 
subscript ~ denotes direction of moment 
Unit negative yield moments 
Ratio of unit negative yield moment to unit positive 
yield moment 
Ratio of negative to positive beam yield moments 
Ratios of moment resisted by slab to moment resisted 
by slab and beam 
static moment of panel considering finite size of 
columns or beam stems; total panel design moment 
Panel design moments which reflect effect of column 
stiffness 
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IIo ELASTIC MOMENTS IN UNIFORMLY LOADED BEAM AND sLAB FLOOR SYSTEMS 
60 Introduction 
9 
In this chapter the results of a number of analyses of the 'moments 
in slab and beam fldor systems are presented in a uniform manner 0 The 
moments are derived from the analyses reported in a number of sources 
(2, 3, 4, 5, 6) and from analyses made by the authoro 
Assumwtionso The assumptions on which the analyses are based 
are those .of the conventional theory for medium-thick plates--
a" The loads are applied perpendicular to the plane of the slabs 0 
bo The plate is neither so thick in proportion to the span that 
an appreciable portion of the energy of deformation is contri buted by the 
vertical stresses (shears, tensions, and compressions), nor so thin that 
an appreciable part of the energy is due to the stretchings and shortenings 
of the middle plane when the slab is bent into 'a doubly-curved surfaceo 
'C 0 The slabs are homogeneous and of uniform thickness 0 
do Hooke is law is assumed to apply to the horizontal strains 0 
eo A straight line, drawn verti cally through the slab before 
bending, remains straight after bending 0 
f 0 The slabs are supported on a rectangular grid of flexible 
beams which are supported at their intersections by columnso 
go The reactions between the slab and beams are assumed to act 
perpendicular to the plane of the slab along the beams 0 Hence, the beams 
have no torsional momentso 
In all analyses reported here, Poissonis ratio has been taken 
equal to zeroo 
10 
Manner of Presentation of Moments" Moments in slabs and slab 
and beam floor systems have been reported in a number of ways ... -e og. a 
coefficient to be multiplied by w, a coefficient to be multiplied by w12 
(wh~re 1 is the span of the slab in the direction of the moment), and a 
coefficient to be multiplied by wb2 (where b is the short span of the slab). 
All of these ways were considered as means of presentation here J but it was 
felt that the best way -would. be one similar to that used for presenting 
moments in flat slabs--a coefficient to be multiplied by the static moment 
of a loaded panel in the direction of the moment considered, e .. g. Coeff. x 
wa ~/8 for beam and. strip moments and Coeff.. x wa 2 18 for slab moments (where 
a is the span in the direct~on of the moment and E. is the 'Width of the 
panel)·" This way has the advantage of immediately showing the distribution 
of moment between slab and beams, while the only apparent disadvantage is 
the failure to immediately show the maximum numerical moments .. 
In the following sections, moments are presented for panels 
supported on flexible beams: 
Sec.. 7.... Interior Panel - All panels loaded .. 
Sec. 8 - Interior Panel - Checkerboard loadingo 
Sec 0 9 - Interior Panel ... Alternate rows loaded 0 
Sec. 10 ... Interior Panel - Two adjacent rows loadedo 
Sec. II - Edge Panel 0 
Sec .. 12 - Corner Panel. 
Sec. 13 - Institutional Plan Floor Panels. 
Sec. 14 - Maximum Moments 0 
Moments are presented in both tabular and graphical form. Three 
primary variables influence the magnitude of the coefficients--the ratio of 
the spans, alb; the ratio of the beam stiffness in the direction of the 
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moment to the stiffness of a slab of width equal to the span of the slab 
perpendicular to the direction of the beam, S = E I IbN; and Sb = R L / aN 0 
a a a . 00 
Consequently, in tabular form, three variables must be stated for each 
moment, and" in graphical form" families of curves must be used to present 
the moment coefficients \) To eliminate the complication of referring to 
short or long spans, the moment coefficients are all for span~; the moments 
for span.£ ar'e obtained by interchanging ~ and .£ and entering the tables 
or charts 'With the new values of alb" Sa' and Sb \) 
7 \) Interior Panel Su.pported on Flexible Beams - All Panels Loadedo 
The moment coefficients gi ven in this section apply· to a typical 
interior panel of an infinite array of identical rectangular panels sup-
ported on a rectangular grid of flexible beams 0 All panels are continuous 
over· the beams, and all beams are continuous over column supports at their 
points of intersection 0 All panels are uniforml:y loaded 0 
At the limits of the stiffnesses of the beams, S = 0 or S = =, 
the structure becomes a slab on point suppOrts or a slab fi.-x:ed on all edges 0 
A number of solutions for the moments exist for these limit cases (see for 
example 1, 2, 3), but few solutions have been presented for the intermediate 
case of slabs supported on flexible beams 0 Newmark (4) has presented a 
procedure for treating slabs continuous over flexible beams in one direction 
and simply supported on the other edgeso A rather extensive treatment of 
the panel supported on flexible beams on all edges has been presented by 
Sutherland, Goodman) and Ne'WIIl.S.rk (5) 0 Most of the moment coefficients 
presented in this section were taken from those given by Sutherland, Goodman, 
and N evnnark .0 
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~ments are presented for the beams, slab strips, and slabs in 
both tabular and graphical form. The moments are given as coefficients to 
be multiplied by the static moment of the panel, in the case of beam and 
strip moments, or by the static moment of a slab of unit width of span ~ 
in the case of slab moments 0 The locations of these moments are shown in 
Moment coefficients.. Most of the moment values given by Suther-
land" Goodman, and Newmark are presented in Table 10 Values are given for 
and 200, moment coefficients are given corresponding to relative beam 
stiffness values Sa = Sb = 0, 1, and eo 0 For alb = 1" a square panel, moment 
coefficients are given for a rather complete range of relative beam stiff-
nesses; coefficients are given for all possible combinations of S = 00" 5, 
The moment coefficients given in Table 1 are presented graphically 
in Figures 2 through 10. In Figures 2 through 6, moment coefficients are 
plotted for alb = 1" 'With S as the abscissa and families of curves for 
a 
values of Sb from 0 to eo" The value S is also taken from 0 to 00 by using 
a 
a modified abscissa scale in which S is plotted at a relative distance from 
a 
the origin of S 1(1+8 ). Thus S = 1 falls in the center of the figure, 
a a a 
with reciprocal values lying symmetrically about the center of ·the figureo 
In Figures 7 through 10, moment coefficients are plotted for values of alb 
from 0 to 00 and Sa = Sb = OJ lJ and eo.. Again a modified abscissa scale is 
used to provide for values of alb from 0 to 00; alb is plotted at a relative 
distance from the origin of' (alb) 
2
2. Thus, alb = 1 f'alls in the center 
.. . l+( alb) 
of the figure, with reCiprocal values lyi.ng symmetrically about the center 
of the figureo 
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Not only are moment coefficients for the various beam and. slab 
elements presented in Figures 2 through 10, but also the effects of the 
primary variables Sa' Sb' and alb on the moments are sho'WD.o Several observa-
tions, some obvious without an examination of the figures, may be made from 
Figures 2 through ll~ 
(a) The beam moments increase as the beam stiffness in the 
direction of moment increases 0 
(b) The beam moments decrease as the beam stiffness in the 
direction perpendicular to the direction of moment 
increases 0 
( c) All slab moments decrease as the beam stiffness in the 
direction of moment increaseso 
( d) In general~ the column strip moments decrease as the beam 
stiffness in the direction perpendicular to the direction 
of the moment increases for S less than 1, but increase 
a 
for S greater than 10 a . 
(e) The middle strip moments increase as the beam stiffness in 
direction perpendicular to the direction of moment increases 0 
( f) In general, the beam moments increase as alb increases 0 
(g) In general, the column strip moments decrease as alb 
increases 0 
(h) In general, the middle strip moments decrease as alb 
increases for relative beam stiffnesses greater than 1, 
but increase for relative beam stiffnesses less than 10 
Distribution of moment 0 The results of a study of the distribution 
of the beam and slab moments to the various sections are presented graphically 
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in Figures II through 16. In these figures the ordinates are ratios of the 
beam moment at a section divided by the total beam moment or the slab moment 
across a strip divided by the total slab moment, and the abscissas are 
ei ther S or alb o· For alb : 1, the effects of a full range of beam stiff-
a 
ness are shown, while for Sa: ~ : 0, 1, or 00 the effects of a full range 
of alb are shown. 
Figures II and 12 show the effects of beam stiffness and panel 
shape on the distribution of beam moments.. Wi thin the practical range of 
beam stiffnesses and panel shapes, the distribution of beam moment varies 
little from the prismatic beam ratio of 2/3 negative and 1/3 positive, the 
maximum variation in the figures being about nine percent of the negative 
moment 0 
The effects of S and alb on the distribution of the slab moment 
to the column strip are shown in Figures 13 and 14. As might be expected, 
the proportion of the slab moment carried by the column strip decreases with 
an increase in beam stiffness in either direction except when Sb : 0, in 
which case the proportion of the slab moment carried by the positive column 
strip moment increases 0 This occurs because the numerical slab moment 
decreases faster than the numerical positive column strip moment decreases, 
as S increases, as is shown in Fig.. 3 I> The proportion of slab moment 
a 
carried by the column strip de.creases as alb increases with the exception of 
the negative column strip when the beam sti:ffnesses are large e However, 
Fig. 8 shows that the magnitude of the moments invol.ved in this exception 
is small.. In contrast to the decrease in the proportion of slab. moment 
carried by the column strip as the beam moment increases, the proportion 
of slab moment carried by the middle strip increases as S increases as 
a 
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shown in Fig <> 15 0 The proportion of slab moment carried by the middle 
strip also increases as alb increases except'for,large values of' beam 
stiffness, when the proportion of slab moment carried by the positive 
middle strip decreases as alb increases as shown in Figo 160 
The distri bution of total slab moment to negative or posi ti ve 
sections does not vary considerably although the distribution to negative 
or posi ti ve sections in a particular strip does va:ry greatly., The nega-
ti ve and posi ti ve middle strip moments are nearly equal for small values 
of' alb when S = R = 0 (Fig 0 16), while the negative middle strip moment' a-b 
is several times as large as the positive middle strip moment when alb 
is large and Sa = Sb = 00 (Figo 16) 0 Between these two extremes, the ratios 
of negative to positive strip moments more nearly approach the ratio of 
2 for prismatic beamso However, the ratio of total negative slab moment 
to total positive slab moment is in most cases nearly equal to 20 .An 
inspection of Table 1 will show that in all cases the total negative moment 
is exactly twice the total positive momento Consequently, with the beam 
moment being divided nearly 2~1 between negative and positive, the slab 
moment must also be distributed about 2~1 between negative and positiveo 
Exact Solutiono Sutherland, Goodman, and Newmark (5) proved the 
existance of an exact solution for the moments in a uniformly loaded 
interior panel supported on flexible beams for the case of Sa Sb = 10 When 
Sa Sb = 1, the moments of the elements of the panel are in direct proportion 
to their stiffnesses and independent of a/b--
-2 M:t.b = '3' 
S 
o __ a_ 
1+8 
a 
1 Sa 
~b = 3" 0 1+8 
a 
wa~ 
-8- (la) 
(lb) 
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where 
and 
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In such a panel there are no twisting moments" and the shears are also 
distributed in proportion to the stiffnesses. While of limited value 
itself" the exact solution does give an insight into the distribution of 
moment 0 Consider Fig. 20 If a line were drawn from the origin to the 
intersection of the ~ = 0 curve with the right hand margin of the figure" 
it would represent the line for S a ~ = 10 All points to the left of the 
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line 'Would represent SaSb < 1 and those to the right SaSb > 1. Consequently, 
for Sa~ < 1, the proportion of the static moment carried by the beam is 
greater than the ratio of the beam stiffness to the panel stiffness. For 
Sa.Sb > 1, the reverse is trueo Figure II sho'Ws that for SaSb < 1, the 
negati ve beam moment is greater than twice the posi ti ve beam moment 0 Similar 
conclusions may be drawn from studies of Figures 3 through 160 
Empirical Formulae 0 While it is not probable that exact or empi-
rical relations as simple as Eqs 0 1 exist for the moments in the various 
elements of an interior panel, it is pqssible to develop a fairly simple 
empirical formula for the proportions of static moment carried by the beam 
and slab. By arranging the variables alb, S , and. Sb to satisfy the limits 
. a 
imposed by the exact solution and known moment conditions when S = f», 
a 
Sb = 0; Sa = 0, Sb = ~; SaSb = 1; alb = 0; and alb = ~, it is possible to 
develop the following equations: 
l\eam -l\b ~b Sa 
wa~/8 = wa~/8 = a+Ba (2a) 
saSb+2~(a/b)2+1 
where a = -------::~....;. 2+~(a/b)2 
Since the negative beam. moment is very nearly always twice the positive 
beam moment, the negative beam. moment may be approximated as 
-~b 2 S a 
wa~/8 = 3" a-t£a (2b) 
and. 
~b 1 S a 
wa~/8 =3 a+Sa (2c) 
18 
The total slab moment may be approximated as 
Ms1ab = -~+~-~+M4 _ a 
wa~/8 va~/8 - atSa ( 4a) 
Because the total negative moment is twice the total positive moment, 
and because the beam moment is very nearly always divided 2~1 between 
posi ti ve and negative, the negative slab moment may be approximated by 
-~-~ _ 2 a 
wa.~/8 - 3" atSa 
and 
( 4b) 
(4c) 
The accuracy of Eqo 2a is shown in Fig 0 17 where all values of total 
beam moment given in (5) are plotted against corresponding values computed 
by use of Eq. 2a" The close comparison of' the values indicates that 
Eqo 2a is extremely accurate 0 The accuracy of Equations 2b, 2c, 4b, and 
4c, would in general be less because these values would be numerically smaller 
than those given by Eqo 2a.ll and consequently, would generally have a larger 
percentage error. However, Equations 2 and 4 do yield values of sufficient 
accuracy for most purposes over a very wide range of variables 0 
The form of' Equations 2a and 4a is interesting in that the equations 
divide the total moment in proportion to the stiffness of' the various panel 
elements--the beam stiffness being S and the effective slab stiffness 
a 
being a. The effective slab stiffness as given by Eqo 3, depends on S , 
a 
An increase in S increases 0, but an examination of Equations 
a 
4a and 3 shows that the net result would. be a decrease in slab moment 0 An 
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increase in Sb increases a and. also increases the slab moment 0 The effects 
of changes in alb on the slab stiffness and slab moment is dependent on the 
magnitude of Sa and ~.. When Sa~ = 1, a = 1, and the empirical equations 
coincide with the exact solution given in (5) 0 To check moments at values 
of Sa7 SbJ and alb of 0 or 00, Eqo 3 should be substituted into Equations 2 
and. 4 and the variables arranged so as to eliminate the occurance of 0 times 
~, 0/0, ~/~, etco 
80 Interior Panel Supported on Flexible Beams - Checkerboard Loading <> 
In order to determine the maximum possible moments in beam and- slab 
structures, loadings other than all panels loaded must be considered" In 
many cases the maximmn posi ti ve slab moment at the center of the panel occur s 
under checkerboard loading--the panel under consideration and alternate 
panels are loaded as shown in Fig 0 l8( a) 0 Such loadings have been considered 
by Westergaard (6) and by Siess and Ne"WlIlB.!"k (2)" 
The moments in the slabs and beams under checkerboard loading are 
most conveniently obtained by averaging the moments for all panels loaded 
and the moments in a slab simply-supported on all edges 0 This is possible 
because checkerboard loading may be considered as being equal to w/2 acting 
do'WIl on all panels plus w/2 acting down on the panel under consideration and 
alternate panels and w /2 acting up on all other panels 0 The moments in the 
loaded panels are one-half those for all panels loaded plus one-half those 
for a panel simply-supported on all edges 0 
Simply-Supported Panel 0 The moments in a panel simply-supported on 
all edges may be obtained from several sources (1) _(2) (3) 0 The moment 
values for simp;Ly-supported slabs used in these studies were taken from 
20 
those listed by Siess and Newmark (2)" The colmnn strip moment.? middle 
strip moment, and the moment at the center of a panel simply supported on 
all edges are given for five values of alb ranging from 005 to 200 in 
Table 20 These values are shown graphically in Fig 0 190 The strip moments 
were obtained by integration of second and third degree parabolas passed 
through values given in (2) 0 
Checkerboard Loading a The slab and strip moments in a panel 
under checkerboard loading are given in Table 3 for the same range of S , 
a 
Sb-" a.I¥i alb considered for all panels loaded 0 It is interesting to note 
that the checkerboard loading does not produce maximum positive slab 
moments in all cases" A comparison of Tables 1 and. 3 sho'Ws that for large 
values' of alb and low values of relative beam stiffness, the middle strip 
moment and slab moment at the center of the panel may not be maximum under 
checkerboard loading 0 Of course, the beam moments and column strip moments 
would not be a maximum under checkerboard loading of the type considered 
here a For this reasonJ the beam moments are not given in Table 30 
90 Interior Panel Supported on Flexible Beams - Alternate Rows Loaded 
.An important lOading arrangement for the determination of maximum. 
positive moments is that of alterl1~·te rows loaded as sho"WIl in 
Fig" l8(a) and l8(b) 0 The moments in the beam and slab under this type of 
loading maybe obtained by averaging the moments for the case of all panels 
loaded and the case of a row of panels simply~supported on two opposite 
edges and continuous over flexible beams at the other edgeso 
Panel Simply-SUpported on Two Opposite and Continuous over Flexible 
Beams at the Other Edges 0 The moments for this case were computed by use of 
a distribution procedure developed by Newmark (4) for values of S = 005 and 
a 
from values given by Siess and Newmark (2) for S = co 0 All other values 
a 
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were obtained by graphical interpolation as shown in Fig. 20 for beam. momentso 
All interpolation plots were similar to Figo 20, lending themselves to 
rather accurate interpolation 0 The values for moments in a panel simply-
supported on two opposite f~f1 edges and continuous over flexible beams at 
the ua n edges are given in Table 4; the values for moments in a panel simply-
supported on two opposite "afT edges and continuous over flexible beams at 
the !'b n edges are given in Table 50 Interpolated values are indicated by 
an asterisk .. 
Alternate Raws Loaded.. The moments in a typical interior panel 
with alternate rows uniformly loaded as shown in Figo l8(b) may be obtained 
by averaging the values given in Table 1 with those in Table 40 These 
moments are given in Table 6 for the same range of variables covered in 
Table 10 
The moments in a typical interior panel with alternate rows loaded 
as shown in Figo 18( c) may be obtained by averaging the values given in 
Table 1 with those in Table 50 These moments are given in Table 7 for the 
same range of variables covered in Table 10 
10 0 Interior Panel Supported on Flexible Beams - Approximation to Two 
Adjacent Panels Loaded 0 
The maximum negative moments in a typical interior panel may occur 
under several loading conditions--two adjacent rows and alternate rows 
loaded as shown in Fig.. 18( d); a f'orm of checkerboard loading as shO'wn in 
Fig 0 l8( e); or combinations of the two.. Since the loadings involved in the 
determination of maximum negative moments are not symmetrical about the 
center of a loaded panel in both directions, no rigorous solutions have 
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been made for such loadings 0 Siess and Newmark (2) used a distribution pro-
cedure to analyze several groups of panels wi th rigid beams considering all 
panels loaded, single panels loaded} two adjacent panels loaded, and checker-
board loading 0 Westergaard (3) reported values of moments in flat slab 
structures two bays wide with rigid exterior beams 0 These values were 
based on difference equation solutions by Nielsen (7) 0 These two sources 
may be used to obtain an indication of the increase in negative moments for 
loading for maximum negative moment over those for all panels loaded 0 Siess 
and Newmark (2) found an increase in average negative slab moment ranging 
from 44 to 92 percent for alb from 005 to 200 and rigid beamso westergaard '5 
values indicate an increase of about 30 percent in total negative moment for 
a. flat slab with alb = I 000 The maximum possible increase in total negative 
moment over that for all panels loaded is 50 percent, from 2/3 of the 
static moment to the full static momento The increase in moment at indi-
vidual sections may be larger j but in general these sections would carry 
only a small part of the total negative moment 0 Any torsional stiffness of 
the beams would tend to decrease the difference between maximum negative 
slab moment and that for all panels loaded 0 For continuous beams, the 
maximum :increase is about 37 percent for two adjacent spans and alternate 
spans loaded, and about 27 :percent for two adjacent spans only loaded 0 
As an approximation to the maximum negative moments in the slab 
and beams} Table 8 has been prepared, giving as values for maximum negative 
moment, values 30 percent larger than those for all panels loaded given in 
Table 10 While approximate, it is felt that these values are accurate 
enough for the evaluation for moments for definite LL/DL ratioso The 
indi vidual beam or strip moments may vaxy somewhat from those given in 
Table 8, but the 30 percent increase should represent fairly accurately 
the total increase in negative momento 
110 Edge Panel Supported on Flexible Beams 
A very necessary part of the solutions for moments in a beam 
and slab structure is the solution of the moments in the edge panels 0 A 
number of rigorous solutions exist for panels fixed on three edges and 
simply-supported on the other edge (1) (2), but very few solutions have 
been made for fledge-type U panels supported on flexible beams u The lack . 
of solutions for edge panels on flexible beams is understandable because 
of the complexity of the solution 0 
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A number of approximate solutions for the moments in "edge-type ff 
panels were made for this study by use of difference equations 0 The 
solution of slab moments by use of difference equations has been described 
by many wi ters (7, 8) 0 The moments obtained by use of difference equations 
have been found to agree reasonably well with moments obtained by more 
exact methods of solution (5) 0 Thus it is felt that the moments from dif-
ference equation solutions presented herein are reasonably accurate <> Where 
possible) comparisons with more rigorous solutions have been madeo 
The edge panels analyzed were in reality structures two panels 
wide as show.n in Fig 0 l8( r) and (g) 0 For the difference equation solutions" 
a six by six network of points was used as shown in Fig <> 210 In order to 
simulate the restraint offered the beams perpendicular to the edge by the 
edge columns, the slope of the beams perpendicular to the edge was taken 
as zero at the edgeo other boundary conditions were m = 0 at the outside 
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edge, the slope of the slab is zero across the interior beams, and the de-
flection is zero at all columns 0 Taking into account these boundary con-
di tions and the one axis of symmetry, 26 difference equations were wi tteno 
Three values of alb, 005, 100y and 200, were considered, together with three 
different arrangements of beam stiffness, making a total of 9 edge panel 
analyses 0 The difference equations were solved by use of the Uni versi ty of 
Illinois Digital Computer, the solutions yielding the deflections at each 
point on the networko The moments were obtained from these deflections 
across the center of the panels and across the beams, and average moments 
were obtained by use of Simpson is rule 0 The values of the moments in the 
direction perpendicular to the outside edge of an edge panel are given in 
Table 9( a) 0 The values of the moments in the direction parallel to the 
outside edge of an edge panel are given in Table 9(b) 0 The notation for 
moments is the same as that shown in Fig 0 1 except that moments adjacent 
to and perpendicular to the outside edge ca:rry the superscript ~o Also 
moments'adjacent to and parallel to the outside edge carry the superscript 
00 The column strip moments in the direction parallel to the outside edge 
are for a width b/4; half as wide as that shown in Figo 10 The notation 
and location of moments is shown in Fig 0 22 0 
Values of edge panel moments are given in Table 9 for slab, 
strips, and beams 0 The values of alb; Sa' and Sb' for which the solutions 
were made are listed in the table 0 Because of the large: number of equations 
involved, only three a.rrang~ments of beam stiffness were considered for 
each value of a/be Where possible the values in Table 9 have been corrected 
to yield moments ~ch correspond to the total static moment by increaSing 
or decreasing each moment in proportion to its magnitude" This correction 
varied from 0 to 13 percent of the various moments ~th most corrections 
being less than one percent" Since the difference equation solutions do 
not yield moments in rigid beams, the panel moments for these cases are 
reported uncorrected in Table 9; however, slab moments for edge panels 
with rigid beams were corrected to give the same value of average moment 
as that given by Siess and Newmark (2) for a panel fixed on three edges 
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and simply-supported on the other edge. Both the uncorrected and corrected 
moments are listed for the purposes of comparison in Table 90 
Comparison with Interior Panel Moments 0 A comparison of edge 
and interior panel mom(m,ts is made in Table 10 for several combinations of 
alb, Sa' and Sb 0 The interior panel moments are from those computed by 
Sutherland (5) 0 As should be expected, the general tendency is for edge. 
panel moments to be larger than the interior panel moments 0 Further com-
parisons may be made by comparing corresponding values in Tables 1 and 90 
l2 0 Corner Panel Supported on Flexible Beams 0 
MOments in corner panels were also obtained by use of difference 
equations. The corner panels analyzed were in reality structures composed 
of four similar panels as shown in Figo l8(h) 0 For the difference equation. 
solutions, a five by five network of points was used as shown in Fig 0 23. 
The slope of the beams at the columns was taken equal to zero as was done 
in the case of the edge panels e Other boundary conditions were also the 
same as for the edge panels, except, of course, m = 0 across the two 
adjacent outside edges.. Taking in account these boundary condi tionsJ 32 
difference equations were written; ~th infinitely stiff beams.or alb = 1, 
the number of equations 'Was reducedo Moments were obtained in a manner 
similar to that followed in the solution for moments in an edge panel ~ 
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The moments for a uniformly loaded corner panel are given in 
Table llo The notation for moments is similar to that used for edge and 
interior panels and is 'shown in Fig~ 240 It should be noted that the 
column strip moments given are for a panel width of b/4o The corner panel 
solutions were made for a/b = 005, 1.0, and 200, and three arrangements of 
beam stiffness, yielding nine sets of momentso Actually only six sets of' 
equations were solved since the alb = 005 and 200 values could be secured 
from the same solutions 0 As was done in the edge panel solutions, the 
moment values in Table 11 were corrected where possible to yield moments 
which correspond to the total static moment 0 This correction -was somewhat 
larger than was made for the edge panels, ranging from 1 to 15 percent with 
the average correction being about 7· percent 0 The larger correction is to 
be expected because of the coarser network used for the corner panel 
solutions 0 The panel moments for the case of rigid beams are reported 
uncorrected in Table 11, however, values c.orrected to give the same average 
moments as those given by Siess and Ne'WlIlS.!"k (2) for panels fixed on two 
edges and simply-supported on two adjacent edges are also given in Table 11. 
Com,parison with Interior Panel Moments 0 A comparison qf corner 
and interior panel moments is made in Table 12 for several combinations of 
alb, Sa' and Sb e The interior panel values are from those computed by 
Sutherland (5) 0 As in the case of edge panel moments, the corner panel 
moments are generally larger than interior panel moments 0 One interesting 
feat1It"e of' the comparison is that the edge beam moments for a corner panel 
are apparently very nearly the same as half the interior beam moments 0 
Further comparisons may be made by comparing corresponding values in 
Tables 1 and ll" 
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130 Institutional Plan Floor System Supported on Flexible Beamso 
A very common arrangement of panels in a building is the institu-
tional plan arrangement--two wide outside bays with a narrow interior 
corridor bay 0 The insti tutional plan for which moments were obtained is 
shown in Figo l8(i) and (j)o Only one ratio of corridor width to edge panel 
width was considered--the corridor span being one-half the edge panel spano 
However, the solution of moments made for an edge panel should represent a 
limiting condition in which the corridor span is zeroo Consequently, it 
should be :possible to make a rough approximation of the moments in 
institutional plan panels where the corridor span is less than one-half 
the edge panel span 0 
The solution of moments in the institutional plan floor system 
was made by use of difference equations in a manner similar to the solutions 
for edge and corner panels 0 The difference equation network is shown in 
Fig 0 250 The spacing of points in the difference equation network was the 
same as for the edge panels 0 This spacing resulted in a rather coarse net-
work for the corridor, but it was felt that this procedure vould yield 
accurate moments for the outside panels and reasonably accurate moments 
for the corridor panelso The boundary conditions for the difference 
equation solution were similar to those taken for the edge panels a One 
important difference is that the beam slopes were not taken as zero at the 
interior columns in the direction perpendicular to the outside edge; the 
corridor columns were assumed to offer no restraint to the beams in that 
direction 0 The solution of 30 simultaneous equations was required to 
obtain the moments in each of the institutional plan floor system, except 
when the beam stiffness was infinite 0 
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The moments in a uniformly loaded institutional plan floor system 
are given in Table 13. The notation for moments is similar to that used for 
interior, edge, and corner panels and is shown in Figo 26. It should be 
noted that the column strip moments in the direction parallel to the outside 
edge of" the building are for a 'Width of b/4, and that the corridor strip 
moments are for the full width of the corridor 0 The institutional plan 
solutions ~re made for alb = 005, 1.0, and 200, and three arrangements of 
beam stiffness, yielding nine sets of moments. As was done in the other 
difference equation solutions, the moment values have been corrected where 
possible to yield moments which correspond to the total static moment. For 
moments parallel to the outside edge, the correction was made on the basis 
of the moment across the full width of the building; other corrections were 
made on the basis of the panel involved, except that the corridor moments 
across the building were corrected to agree with the outside panel momentso 
The corrections were six percent or less for the outside panels. The 
corrections applied to corridor moments across the building were larger 
percentage wise but small numericallyo The moments for panels with rigid 
beams are reported uncorrected in Table 13 because of the unknown distri-
bution of beam moment. 
Comparison 'With Interior Panel Moment.s 0 A comparison of moments 
in institutional plan panels with those in interior panels is made in Table 
14 for several 'combinations of alb} Sa' and Sb 0 The interior panel values 
are from those computed by Sutherland (5) 0 The change in moments from 
institutional plan to interior panels is somewhat different than that observed 
for edge panels to interior panels 0 All beam. moments in the institutional 
plan panels are smaller than those in the interior panels with the exception 
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of the ~ositive beam moments in the direction perpendicular to the edgeo 
The negative slab moments are in general smaller, while the positive slab 
moments are somewhat larger than those in an interior panel. Further com= 
pari sons may be made by comparing corresponding values in Table 1 and 13 0 
140 :Maximum. Elastic Moments in Uniformly Loaded Floor Panels <> 
Although the panel moments considered in Sections 7 through 13 
are of interest in determining the stresses in a reinforced concrete slab, 
probably no one of the conditions of loading alone xepresents the usual 
lOading conditions encountered in a structure 0 If the structure is subjected 
to dead load only or possibly blast loadings, the conditions for all panels 
loaded (Sec. 7) would represent the proper loading; conceivably~ there are 
loading conditions ap~roaching one row or even alternate rows of panels 
loaded; but most loading conditions correspond to the condition of dead 
load on all panels and live load on some but not all panels 0 . Generally it 
is not possible to predict the exact pattern of live loadingo Consequently',' 
any set of moments used in the design of a structure must be based, in part, 
on the maximum possible moments that can occur at each section of the 
structure if' the exact pattern of loading is not knO'WIl accurately 0 The 
maximum moments that are possible in any section of a structure are composed 
of dead load. moment and live load moment 0 The, dead load moments in a panel 
should correspond reasonably well.to those given in Sections 7, ll, 12, or 
13; for the dead. load. is generally very nearly uniformly distributedo The 
live load moments in a panel should correspond reasonably well to those 
giv~n in Sections 8, 9, or 10 for interior. panels; live load,moments for 
"I) 
edge, corner, or institutional plan panels should correspond reasonably well 
to adjustments to the moments given in Sections 11,12, and 130 
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The maximum live load moments for a uniformly loaded interior 
panel are given in Table l5--based on five possible conditions of loading; 
(1) All panels loaded, (2) An approximation to two adjacent panels loaded, 
(3) Checkerboard loading, (4) Alternate rows loaded in ~ direction, and 
(5) Alternate panels loaded in .£ direction. Certainly, these conditions 
do not cover all possible loading conditions, nor do they cover all the 
loading conditions producing maximum moment.. However, it is felt that the 
moments listed do cover a large enough range of loadings to be wi thin a 
very small percentage of the maximum moments possible under a:ny conditions 
of full panel loading 0 The moments listed in Table 15 do not occur 
simultaneously, although most maximum negative moments occur under the 
condition of two adjacent panels loaded, and most maximum positive moments 
occur under the condi tion of alternate rows of panels in the b direction 
loaded .. 
The moments given in Table 15 are presented graphica.lly in 
Figures 27 through 39. In these figures the curves connecting the points 
of maximum moment are reasonably regular, indicating that the moments are 
reasonably close to the true envelope curve for maximum live load moments 0 
The maximum live load moments for edge,' corner, and institutional 
plan panels should correspond fairly closely to those obtained by the 
difference equation analyses, for the case of negative moments perpendicular 
to the outside edge 0 The other moments would undoubtedly be found to be 
sigilificantly larger if a.na.lyses were made of cases 'With the loading placed 
for ma.x:imum moment. However, if the moments obtained by the difference 
equation analyses were increased in the same proportion the moments in a 
continuous beam would increase with similar changes in loading, the moments 
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obtained should be a fair approximation to the actual maximum live load 
moments 0 These increa.ses would be 31 percent for posi ti ve moments perpen-
dicular to the outside edge) 30 percent for negative moments parallel to 
the outside edge" and 100 percent for posi ti ve moments parallel to the 
outside edge for edge panels e The increases for corner panels are assumed 
to be the same as for the moments perpendicular to. the edge in edge panels 0 
For institutional plan panels the increases for maximum live load moments 
are taken to be the same as for edge panels" for moments parallel to the 
edge; whereas f"or moments perpendicular to the edge" the positive moments 
in the edge panel are increased 5 ~ percent) and the moments in the center 
of the corridor span perpendicular to the edge are increased 45 percent" 
corresponding to the increases in moment occurring in a continuous beam 
due to loading for maximum moments 0 The moments thus increased are given 
in Tables 16" 17, and 180 
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IIIo ANALYSIS OF THE LIMITING LOAD CAPACITY OF FLOOR SYSTEMS 
COMPOSED OF PANELS SUPPORTED ON FLEXIBLE BEAMS 
150 Introduction 
'While elastic analyses of beam and slab floor systems yield 
moments Which more nearly represent those resulting from service loads, 
a knowledge of the limiting, or ultimate, load capacity of floor systems 
is des~able for a number of reasons" Knowledge is needed of the factor 
of safety against failure due to overloads, of the locations of failure 
zones or lines along ~ch failure occurs, and of the locations of areas 
requiring reinforcement in a.ddi tion to that indicated by ordinary elastic 
analyses 0 A detailed elastic analysis 'Would supply the location and mag-
nitude of the principal moments, but the more easily accomplished procedure 
of computing moments ,across the center of panels and across supports is 
usually followed" Other necessary reinforcement such as that required in 
the top of a slab at the corners where two simply supported edges meet is 
generally covered by code requiremel?-ts and experience 0 In thi s chapter, 
procedures are outlined by which the limiting load. ca~aqi ty of floor systems 
composed of panels supporte~d on flexible beams may be computed 0 In addition, 
the results of studies of failure patterns, of locations where special 
reinforcement is requiredJ and of lines of contraflexure are presentedo 
The a.na.lyses on 'Which the results presented in this chapter are 
based follow the procedures presented by Johansen (9, 10) and Hogenstad (ll) 0, 
A literal translation of Johansen's title of this limiting load an~ysis is 
"rupture line theory" 0 HOgllestad termed it "yield-line theoryt', a more 
descriptive free translation. Herein, this method of analysis is termed 
yield-line analysis or theoryo 
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Only tho'sephases of the yield-line theory which are directly 
related to floor systems composed of panels supported on flexible beams 
are considered in this chapter" 
160 Fundamental AssUIIIptions and Concepts of the Yield-Line Theory 0 
When a reinforced concrete slab, reinforced in tension with an 
amount of reinforcement small enough so that the steel 'Would yield before 
the compressive concrete stress is excessively high, is loaded, yielding 
of the steelreini'orcement is initiated at the poi. nt of' maximum steel 
stress 0 As the load. increase$., ," the number of points of yielding incr'ea.se, 
wi th the rotations of' the previously yielded points increasing with only 
slight increases in moment 0 If the moment, ~ resisted by a unit width of 
a reinforced concrete slab were plotted against the angle change, a, of a 
short length of the slab section, then the moment-angle change diagram -would 
be similar to that sho'WIl in Fig 0 4o( a) 0 The angle change is small until 
yielding of' the steel occurs, then the angle change increases considerably 
wi th only a small increase in moment 0 (The increase in moment occurs 
because of an increase in distance between the tension and compressive 
forces within the slab, and because of an increase in steel stress beyond 
the yield stress due to strain-hardeningo) 
Because this increase in moment is generally small, and because 
the angle change before yielding is small compared with that possible after 
yielding, an assumption is made in the yield-line theory that the moment-
angle change diagram can be represented as sho'Wll in Fig" 4o(b) 0 The effect 
of this assumption on the analysis is that all lines along the slab between 
points of yielding may be considered straight; consequently, all portions 
of the slab between lines of yielding may be considered plane. 
A further assumption is that the effect of the deflection of 
the slab on the moments is negligible, that is, direct forces in the plane 
of the slab are negligibleo 
The end result of the previous assumptions is to transform a 
reinforced concrete slab into an idealized structure whose limiting load 
capacity is reached when a certain pattern of yield-lines forms. This 
pattern of yield lines, separating plane slab parts, defines lines across 
Which the principal moments act at limiting load capacity. The correct 
pattern is that which corresponds to the minimum possible load which 
produces neutral equilibrium in the slab. 
The limitations of the yield-line theory are few--as are those 
of the elastic theory. Any reinforced concrete slab could be analyzed by 
this theory were one willing to perform the computations necessary to 
investigate all possible yield=line patternso However, the accuracy of 
the results does depend--as do those of the elastic theory--on the degree 
of correspondence between the assumptions and the actual properties of the 
slab being analyzed. Comparisons of test results with analytical results 
made in (9) and elsewhere indicate that the load capacities derived from 
the yield-line theory are conservative when compared to load tests on slabs 
~th normal or small reinforcement ratioso That the computed load capa-
cities are conservative probably is due to strain-hardening of the rein-
forcement, tensile or compressive membrane action of the slab, and the 
fact that in certain areas of some slabs with small reinforcement ratios 
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the cracking moment is larger than the yield moments, preventing or delay-
ing the formation of yield lineso 
170 Limiting Panel Loads 0 
(a) Square panel fixed on all edges--reinforcement uniform top 
and bottom in directions parallel to both edges 0 The limiting load capacity 
of a uniformly loaded square panel, with equal moment resistance in the !: 
and £ directions for both positive and negative moment, occurs when positive 
yield lines form along the diagonals and negative yield lines form along 
the fixed edges, as shown in Figo 4l(a) 0 The limiting load. may be computed, 
by taking moments about the edge for each slab' part 0 
Considering slab part IV 
M = 0 = m I ( b) + m (b) - w b( a/4) ( a/6) 
ay ay y 
'Where m I ~~ m are the unit yield moments in the 
---a;t ay 
b direction, but m' = m = m 
- . ay ay y 
'W = 48m /a2 y y ( 5a) 
m = 'Wa2/48 y y (5b) 
w = w ab = 48 m b/a = 48 m y y y y (5c) 
Because of symmetry, all slab parts would have the same yield 
loady and equi libri um would be satisfied () No consideration was given in 
this case to twisting moments or shearing forces along the yield lines for 
in this case the yield lines are lines of principal moment and there a.r~ no 
twisting moments or shear :forces along the positive yield lines 0 (Actually 
there are shearing forces along the fixed edge; since moments were taken 
about this edge, they did not enter the computationso) Only the vector sum 
of the moments acting at the yield lines and the moment of the load entered 
the computation . 
. 
(b) Square panel fixed on all edges--positive reinforcement 
uniform in both directions; negative reinforcement uniform in both directions, 
but differing in amount from posi ti ve reinforcement 0 The limiting load 
capaci ty of the uniformly loaded square panel shown in Fig 0 41( b) ) with 
equal positive moment resistance in the!:: and :£ directions and with equal 
negati ve moment resistance in the ~ and E. directions may be computed by 
taking moments about the fixed edge for each slab part. 
Considering slab part rv 
M = 0 = m 1 b + m b - w b( a/4) ( a/6) 
ay ay y 
m' = mt m = m 
ay y ay y 
w = 24(m v + m )/a2 y y y 
(mf + m ) = w a2/24 yy y 
W = 24(m' + m ) y y y 
(6a) 
(6b) 
( 6c) 
As in Sec 0 17( a), all slab parts will have the same yield load 
because of symmetry 0 
(c) Rectangular panel fixed on all edges--reinforcement uniform 
top and bottom in directions parallel to both edges. The limiting load 
capaci ty of the uniformly loaded rectangular panel shown in Fig. 4l( c) ? 
~tb. equal moment resistance for both positive and negative moment, occurs 
when positive yield lines form along lines extending from the corners to a 
yield line at midspan of the short span of the panel and intersecting a 
distance !! :from the short side and when negative yield lines form along the 
:fixed edges. The limiting load may be computed by taking moments about the 
edge for each slab part. 
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Considering slab part IV 
Since m i = m = m 
ay ay y 
o = 2m b - w a~/8 + w a~/6 y y y 
Wy '= myb/(a~/16 - a~/12) (7a) 
To eliminate the unknown, h, slab :part I must be considered 
Z M = 0 = nf (a) + ~ (a) - w (a)(h/2)(h/3) 
oy oy y 
o = 2m a - w ah2/6 y Y 
Wy = m!(h2/12) (7b) 
or h = J ]2(m!wy) (7c) 
Solving (7a.) for h and. equa.ting to (7c) yields 
h} a/2 to h = a/2 [3 + a,2/b2 - a/~y (7d) 
The yie1.d load ma.y be determined by use of equations (7a) or 
(Tb) and (7d) 0 Yielding 
my = ~ [J 3 + a2/b2 - a/b~ (7e) 
Cd) Rectangular panel fixed on all edges--reinforcement dif-
ferent in each direction for positive moment and different at each edge 
for negative momento The limiting load. capacity of the uniformly loaded 
rectangular panel shown in Fig 0 4l( d) occurs when yield lines form as shoWD.o 
Assuming that the yield moments at each section are known, the limiting 
load. may be computed by taking moments about each edge and considering 
the addi tional relationShips between h2, h4' a, and b 0 
h2 + h4 = a (Sa) 
Considering the various slab parts and taking moments about the 
fixed edges yields 
I 
II - M = 0 = ml b(1+i2) - Wy(h2)2(hl +h3)/6 - Wy(h2)2(b-hl -h3)/2 
III - M = 0 = ~ a(l+i ) - W ah§/6 1 3 y 51 
IV - 1-1 = 0 = mlb(l+i 4) -wy(h4) 2(hl +h3) /6 - Wy(h4) 2(b-hl -h3) /2 
Yielding -
h = 1 
h = 3 
Combining Ego Sa, dJ and e 
a;;:;; 
h =------
-2 l+i2 + F4 
a jl+i4 
For convenience in notation, 
(Sb) 
(Sc) 
(Sd) 
(Se) 
(Sf) 
(Sg) 
a = r 
b = r. 
2a 
2b! fJ 
Consequently 
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( 8h) 
( 8i) 
( 8j) 
(8k) 
Solving Eq. 8a. and e for~, substi tuting the results into 8b 
and c" and solving th~ resulting quadratic equations f'or hl and ~ yields 
(81) 
(8m) 
Substituting the expressions for ~, ~J ~J and h4 into Eq,o Bb, 
c, d, or e yields 
(8n) 
from which m.., Utn... i~ um.., i .... m... 9 i .... um..., and .iLm... ·can be comnutedo One condition 
.L- . .L' . .1. .1' ~.1~ )..1~. 4 :l- .iJ:' . 
to be observed in computing moments is that hl + ~ must ~e less than or 
equal to b; that is J the orientation of the slab with respect to the nota-
tion must be as shown in Fig,,' 41(d). 
40 
An examination of Eq.. 8n in terms of the indi vidual notation 
rather than the shortened notations a and b is interesting. Restating 
r r 
Eq~ 8n in terms of a, b, ~, and i yields 
In most interior panels of actual structures, i l = i3 and i2 = i4" Intro-
ducing this into Eqo 80 yields 
1 [. 2 1+i3 
= - 3 + (!::) ~ . -3 b 1+1.4 
Thus, the sum of the positive and negative slab moments in terms of the 
static moment in the direction considered is a function of 
In interpreting the slab moments by use of Eqo 8p, recognition must be made 
hl+h3 
of the fact that Eqo 8p is valid only when ~ + ~ ::: b 0 Solving for b 
in terms of the individual notation yields 
( 80) 
(8p) 
( 8r) 
hl+h3 
Thus Eq. 8p is not valid for values of b::: 1, or for values of 
l+i 
( -ba ) 21J. =-:..=2.1 ' greater than 1 ~ Wi thin the limitation stated above, an examina-+1.4 
tion of Eqo 8p indicates the follOwing effects of the several variables on 
the ratio of slab moment to static moment in the direction considered: 
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An increase in alb decreases the slab moment in the ~ directiono 
An increase in ~ decreases the required slab moment resistance 
capacity in the ~ directiono 
An increase in i3 decreases the required slab moment resistance 
capacity in the ~ directiono 
An increase in i4 increases the required slab moment resistance 
capacity in the ~ directiono 
All of these variables are paralle~ in effect on moment to that of similar 
variables in the elastic analyses--indicating that increases of strength or 
stiffness in the di~ection perpendicular to that consider_~~ for moments 
reduce the moment in the direction considered. 
To illustrate the effects of alb, ~, and i on the. distribution 
and magnitude of slab moments in a uniformly loaded panel fixed on all 
edges, values of (~) (wya2/8), other moment ratios, and yield line locations 
are given in Tables 19, 20, and 21 and Figures 42, through 450 Moment values 
are given in Table 19 through 21 for alb = 0 - 00, ~ = 0 - 2, i = 0 - 2, and 
ill i2 = 005, 1, and. 20 In a.d.di tionJ moments in a panel fixed on three 
sides and. simply supported on the other, and moments in a panel fixed on two 
adjacent sides and simply supported on the other sides are given in Tables 22 
and 23 respectively, ·representing edge and corner panelso 
A study of the tables and figures in this section indicates the 
same effects of the variables on moment as indicated by Eqo 8p and listed 
previously in this section 0 Other effects of the variables shown in Figures 
42 through 45 are as follows ~ 
Figo 42 - If all. ratios of positive to negative moment (i) are 
equal, then the sum of the required posi ti ve and negative moment 
capacities is not affected by variation of i" 
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Fig. 42, 43, an~ 44 ~ The ratio of yield moments in the a and b 
directions (~) is a major variable affecting the required moment 
capacities although alb has a greater effect for the same numerical 
cha.ngein value .·because of its effect as a second power quantity 
while ~ is present in Eq. 8p as a variable to the first power. 
Fig. 45 - The magnitude of the effect on moment of difference of 
the ratio of negative to positive moment resistance in the £ and a 
directions is large for extreme variations in i3/i4' but relatively 
minor if consideration is given to the probable range of i3/i4 in 
actual structures: 1 to 2. 
The location of the yield line intersections are shown in Figure 46 
by use of plots of hllb versus alb 0 The effect of alb on hllb is large; however, 
the effect of alb on. the numerical value of hl is relatively small if Changes 
in alb are interpreted as changes in :£ only. The ratio of moment resistances 
in the a and b directions does affect ~ to a great extent--indicating a 
sizeable shift in the location of the line of contraflexure when the ratio of 
reinforcement in the a and b directions is changed. 
From an empirical point of view, Fig. 47 offers an interesting plot 
2 1+i3 
of required moment resistance .versus (~) IJ. y-:- o' Equation 8p is plotted. 
l+i +l4 
versus (~) 2~ ~ together with all moment values from Tables 19, 20, and 210 
,,+24 l+i 
AlthoughEq. 8p is valid only when (-ba )21J. -1 .3 < 1, the fit of Eqo 8p to all 
. ~4-
moment values is remarkable. This fi t results from the similarity with 
respect to results 
a 2 1+i3 
(-b) ~ l' > 1: 
. +24 
ml (1+i4) 
. 2 
w a 18 y 
of Eqo 8p to the corresponding equation for moment when 
-----2 
= 
1 ( 8s) 
~(l+i ) 
Equation 8s may be derived by solving for . 2 3 and, multiplying 
1 'W b /8 
the resulting equation by 2 1. to convert to mom~ntsin the a direction .. 
a +~3 
(b) ~ l+i 4 
a 2 1+i3 · Equations 8p and. 8s both yield the same moment values for values of (-b) )J -1 . 
+~4 
of 0, 1, and 00 0 Exact correspondence for other values does not occur, although 
the moment values yielded by the two equations are remarka'!:>ly similar" Two 
rather simple empirical relations are plotted in Fig~ 47 which exhibit a fair 
a 2 1+i3 
fit to the moment values over a considerable range of (b) ~ l+i 
= 
= 
3 
2 
2 1+i3 
·a 
3 + 3 . (b) ~ l+i 
4 
. 4 
(8t) 
(8u) 
As will be discussed in Chapter Dl, the similarity between these equations 
8J."1.d Eqo 4a is interesting, since when the beams in both directions are of 
infinite stiffness, Eqo 4a reduces to M fLlab) = __ l__ ~ 
--r 1 + 2 (~)2 
The tables and plots presented in this section either list or make 
available by interpolation moment values for almost all cases considered in 
Chapter II. 
180 Limi ting structure Loads .. 
The limiting ··load capac~ty of a uniformly loaded rectangular panel; 
shown in Figo 48, is reached when parallel yield lines form in the positive 
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and negative moment region~ (assuming that the slab itself has a higher limit-
ing load capacity than the structural combination of the slabs and beams) • 
The limiting load capacity of the structure shown in Fig. 48 may be computed 
by taking moments about ,the edge for each slab part. 
2 II - M = 0 = ~b(1+i2) + M2b(1+I2) - Wyb(~) /2 
2 IV - M = 0 = ~b(1+i4) + M2b(1+I4) - Wyb(h4) /2 
Utilizing the -relationship, a = h2 +h4, and solving the relations 
above for h2 and h4 yields 
a J.p...~-(-l-+J.-. 2-) -+-~-b-(-1-+-I2-)­
h2 = j 11). (l+i2 ) + ~b (1+12 ) + / 11).( 1+i4) 
a /11). (1+i4) + ~b (1+14) h2 = ------......... ---------------
J1I).(1+i2 ) + ~b (1+12) + j1l).(1+i4) + ~b (1+14) 
Utilizing Equations 9 and 10 to solve for Wy yields 
If i,... = i4 and In = 11• 
&;. ~ 'T 
(10) 
(11) 
(lIb) 
Essentially, the limiting panel capacity is the sum of the beam and 
slab moments 0 . Since, the yield moments of the slab and beams in the, :£ direc-
tion do not enter Eg. lla, the orienta.tion of-the slab with respect to the 
notation must be taken such that w as given by Eqo lla is the lesser of the y . 
two values obtained by solving Eqo lla with slab and beam yield moments in 
the a direction and in the b dire'ction" 
Equations 11 and lla are valid for edge and corner, panels also; zero 
values of i and I are inserted to represent the simply supported edgeso 
To reach full capacity of the panel} as defined by yielding of' beams 
and slabs alike, two conditions must be realized. First} the slab itself' 
must be reinforced heavily ,enough to preclude the formation of yield lines 
along the slab diagonals <> Second, the moment resistance over' the supporting 
columns must be sufficient to prevent ]real yielding over the columns in the 
form of radial and circumferential yield lines 0 These cases, and cases requir-
ing special reinforcement are discussed in Section 19. 
19 0 Special Limiting Load. Conditions 0 
(a) Beam strength necessary to equal slab strength.. The limiting 
load capaci ty of a uniformly loaded group of panels is reached when yield 
lines form in a diagonal pattern} as shown in Fig. 49a, or whe:q. yield lines 
form parallel to the beam lines, as shown in Fig 0 49b. The yield capacity 
of the slab as defined by the yield moment is given by Ego 8n '( or 80)'0 The 
yield capacity of the structure is given by Ego llao If the yield load, wy' 
of' the slab is greater than that of the structure,thenthe limiting 'load 
capaci ty will be reached when yield lines form as shown in Fig 0 49b.. Comparing 
these two yield loads under c'ondi tions of symmetry with respect to moment--
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(12) 
1 -1-; 
2 :.:..:.2. 
2 () (!) 
"W ao 3~ b 1+i4 b ~ l+i4 ~=------ (12a) 
The orienta~ion of the panel ~th respect to the notation does not affect the 
yield load" w • y 
Structure 
(13) 
Assuming" for the convenience of computation and description} that 
it is desired that the structure yield as shown in Fig 0 49b and. that 
2 1+i3 (a) ~ ---:- < l} then forming the inequality 
b 1+~4 
w a~ 'W a~ 
~ (structure) ::: ~ (slab) 
yields 
3 
-;=======---;::=========- - 1 
a 2 1+i3] 2 l+i 3 + (~) IJ. ~­
b 1+~4 (1)') IJ. l+i , ,4 
For a square panel, 'symmetrically reinforced, Eq~ 14 reduces to 
which together with Eqo 14 suggests an equation of the form--
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(14) 
(14a) 
(14b) 
a 2 1+i3 , Table 24 gives values of C for values of (b) IJ. l' from 0.5 to 2.0. An +~4 
interpretation of the values in Table 24 may be made in the following marmer 0 
2 l+i 
If (-ba ) IJ. :...:2.1 ' = 0" 5 in the a direction, then an interchange of quanti ties would +~4 -
yield a value of 2.0 for the direction normal to the ~ direction. Table "24 is 
entered "With these values, 005 and 200. It is found that the beams in the a 
direction must have a yield strength less than 1021 times that of the slab of 
width E and that the beams in the ~ direction must ~~ve a yield strength less 
than 3" 43 times that of the slab of 'Width ~ in order that yield lines form 
parallel to column lines rather than along slab diagonals.. If the yield strengths 
of the beams are less than these quanti ties, then yielding will occur as a 
structure instead of as 'a slab 0 The actual yield capacity of the st~cttlre 
would be the lesser of the two values of Eq. 13 computed for both directions 
of the panel 0 Another interpretation is that, for the panel considered above) 
the moment resistance of the slab in the ~ direction must be greater than 
1/1021 times that of the beams and the moment resistance of the slab in the b 
direction must b~ greater than' 1/3043 times that of the beams in order ,that 
yielding occur as a structure rather than as a slab. 
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An interesting conclusion may be drawn from the foregoing studies 
and discussions o;f this section--a slab with no beams 'Will reach limiting 
load capacity when yield lines form parallel to the column lines, rather than 
along the diagonals. 
(b) Limiting load reached by yielding over column 0 Another possible 
pattern of yield lines is an array of radial and concentric yield lines f'orm-
ing at the concentrated column reactions as shown in Figo 49cG, To approach 
the solution of this case, consider Figa 50a shOwing a concentrated load 
acting upward on a slab at a point remote from any ,edges or supports 0 Utilizing 
the principle of virtual work with a virtual deflection 0 at the load and zero 
deflection at the positive yield line 
but 
:n: 
P will be a minimum (or ~ maximum.) when f3 = 2" or when the pesi ti ve yield 
line is a circle, therefore 
P = 2~(1+il) 
~(l+il) = ::n: 
(15a) 
If the load. is distributed over a circle of radius. p, the equation for P takes 
the form 
.... 
2~(1+il) 
P = ---:::---(1 - g £) 3 r 
P (1 - g £) ~ (l+il ) = --2-~.....:;;3---r 
(100) 
(16b) 
and P is a minimum when r is maximum" Consider a uniformly loaded group of 
square panels" symmetrically reinforced and supported on columns only" (See 
Fig 0 49c and Fig" 50b,,) Further assume that the radius to the concentric 
yield line is a/2. Again utilizing the principle of virtual 'Work and noting 
that the column load is w ab or wa2 __ y y 
2 [2" [a/2 . 
wao- .wo 
y 1._ '0 Y 
2r (1 ... -)r dr dCP 
a 
(17a) 
or (ITo) 
Still another possible yield pattern is that shown in Fig 0 49d 0 Considering 
a square" symmetrically reinforced panel with positive yield lines at midspan 
in both a and b directions--
or 
2 
= "3 (18b) 
A comparison of Eq. lTo and Eq .. 1& wi. th Eq. 13 indicates that a 
slab without beams will reach maximum capacity when parallel yield lines 
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form along the column lines and at midspan of the slab. However, the results 
of Eq. 17b and Eq. 13 are close enough to merit further study of cases where 
negative reinforcement is not present over the entire panel. 
The contribution of beams for any set pattern of yield lines is to 
a degree addi ti ve 0 If beams are considered :present in the structure shown in 
Fig. 49c) and the panels are assumed to be square and symmetrically reinforced, 
an analysis similar to that for the slab without beams will yield, if a = b 
and. the circumi'erential yield line is assumed to be at a radius 
or 
~(l+il) 
2 . 
'W a /8 y 
= 
00940 
of a/2, 
(19a) 
(19b) 
A comparison of Eqo 19a with Eqo 13 indicates that a slab with beams will 
reach maximum capacity when yield lines form :parallel to the column lines at 
the column lines and at midspan since Eq 0 13 'Will always yield values smaller 
than Eqo 19a. 
(c) Corner Levers. At the corners of a panel supported on all edges, 
concentrated corner forces act which tend to lift the corners of the panel. If 
these corner forces are restrained, negative moments are present for which 
resistance must be provided in order to prevent a reduction in panel capacityo 
These forces may be computed by' considering the moment conditions at the 
corners of the panel" Consider Fig 0 510 Figure 5la shows the panel under 
consideration, Fig. 5lb the corner A, and F~ga 5lc an element GAB at corner Ao 
Taking moments about OB, and noting thatm(AO+OB) =- mds 
LM = '0 = Fds sin a - mdB cos a- m'ds cos a 
F = (m + m') cot a 
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(20) 
where ~ has been assumed as positive moment and ~f as negative momento Vector 
directions of the moments were determined by the right hand screw rule and 
were considered in the derivation of Eq. 20; consequently numerical values 
of moment should be inserted in Eqo 20 if directions of the moments are as 
shown in Fig 0 510 This equation implies that the corner force necessary to 
prevent the lifting of the slab corner is much greater at a corner between two 
fixed edges than at a corner between two simply supported edges 0 To investi-
gate thi S' implication" consider Fig .... , 51d 0 
Taking moments about OtB 
LM = 0 = Fds cos a + m'ds' sin a - mrtfds sin a 
F= (mm - m') tan a (2l) 
where m r and m In are both negative moments 0 Equation 21 implies that the 
corner force at a corner between two fixed edges is very small. , In the case 
of a slab having fixed edges and equal negative reinforcement in both direc~ 
tions" m HV = m' and the corner force is zero 0 
The difference be~een Eq" 20 and Eq 0 21 results from the assumptions 
made in their derivationso Equation 21 assumes that a positive yield line 
enters the corner a Equation 21 is not based on the assumption that the posi-
tive yield line enters the corner since the positive moment does not enter 
into the derivation~ Assume that the positiv~ yield line does enter the 
corner J and that Eq 0 20 is correct; then conSidering Fig 0 51d, and taking 
moments about orB 
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ZM = 0 = Fds cos a + m I ds sin a - m fff ds sin a 
mIff = F cot a + m' 
2 
= (m + m') cot a + m' 
2 2 
= m cot a + myel + cot a) 
Consideration of a similar element above the positive yield line would yield 
2 2 
m 1 If = m tan a + m If (1 + tan a) 
Indicating that m til is larger tha.n either m i or mlf. This is not possible 
since the maximum value of m Iff is m 1 sin2a + mifcos2a which is equal to or 
less than the larger of the two, moments, m r and mn 0 Consequently it must be 
concluded that the positive yield line does not enter a corner bounded by 
two fixed edges. 
To illustrate the effect of this irregularity in the yield line 
pattern on the limiting load capacity, consider Figo 520 The general pattern 
of yield lines in a rectangular panel is shown in Fig. 52ao In order to 
simplify the com;putations, the square panel with equal reinforcement in both 
directions will be considered. For part I of the slab 
or 
For Part/II 
~M = 0 = w a3/24 - am(l+i) - w xz2/3 + 2xm(1+i) y y 
w a3 2 
_...::l..- (1 - 8xz ) _ (a - 2x)m (l+i) 
-24" 3 
a 
m(l+i) 
2 . 
w a /24 y 
= 
2 6m(1+i) 
y = w ' 
y 
y = /6m(lTi) 
. w y 
(22) 
(22a) 
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also y = .[2 z - X/J2 
x j 3m(1+i' therefore z = - + _---..:..:::.J... 2 iN (23) 
z 1 x 1 
or -=--+-
a 2a 2f2 
Substi tuting Eq.. 23 
o = 
Y 
m(l+i) 
iN a
2/24 y 
+ 
(23a) 
(24) 
for a given iN, the value of x yielding a maximum. value of m is sought" or 
of 
dIn di 
ax= -d'F = 0 
dill 
dF 
then dOC = 0 yields 
Of of 
; l dTIi is finite 
The solution for m using Equations 22a, 23a" and 25 is rather cumbersome 
algebraically; but, a solution by successive approximations is relatively 
simple and yields x/a = 0.159" z/a = 0.449 and .m(l;i) = 1~091. 
w a /24 y 
Thus" the· formation of the· corner lever reduces the lind ting .load. 
capaci ty of the panel by about 9 percent in this case 0 Johansen (9) and 
Hognestad (ll) treat the subject of corner levers rather extensively. 
(d) Effect of non-uniform distribution of panel reinforcement. 
It is a practice in the design of reinforced concrete slabs to provide more 
reinforcement over the middle strip than in the column strip in tftwo-wayn 
slabs, and. the reverse in "flat" slabs 0 The effect of the non-uniform dis-
tribution of reinforcement in a square panel reinforced symmetrically is 
considered in this sub-sectiQno In Fig. 53, a square :panel is shown fixed 
on all edges} having an average moment resistance of m and im, positive and 
negative, respectively. 
Assuming that x/a is less than 0.25 and that z/a is greater than 
0.25, for part I of the slab 
for part II 
m(l+i) 
2 
'W a /24 y 
= 
m(l+i) 
2 
'W a /24 y 
= 
[ 1 + g i __ 1_ + 2:.. (4 z/a - l~ 3 12 ~ ~ zJa - x/a~ 
a 
(26a) 
(26b) 
The solution of Eq 0 26b for z in terms of ill B-71d x mvol yes the 
solution of' a cubic equation and results in rather long and complicated 
expressions for m:a.nd xo Cpnsequently, the solution for the moments in the 
square panel shown in Fig 0 53 "Was made by use of the virtual work principle 
in which a virtual deflection is assumed and the virtual work of the load is 
equated to that of tneyield moments.· The values are listed in Table 25 
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together with those obtained for a square panel 'With uniform reinforcemento 
Thus, it appears that the yield strength of a panel, expressed in terms of 
the average moment resistance" with reini'orcement larger in the center of the 
panel than at the edges is slightly greater than that for a panel having 
uniformly distributed reini'orcement.. It is interesting to nqte that the 
moment :for the panel with non-uniformly distributed reinforcement is very 
nearly the same as that for a panel with uniformly distributed reinforcement 
and in 'WID ch corner levers do not develop .. 
( e) Discussion of special limiting load conditions 0 The analyses 
and results in Sections 19a through 19d indicate that unless the beams sup-
porting a uniformly loaded floor system are rather heavy, the yield lines 
'Will form along column lines and at midspan.; and the floor system will act 
as a structure 0 If the beams are extremely heavy, the yield load may be 
reached by yielding of an individual panel; in which case, corner levers may 
affect the yield load 0 The formation of radial and circumferential yield 
lines over and around the columns appears to be unlikely, since the limited 
analyses in Seco 19b indicate larger yield loads for this pattern of yield-
ing than for yielding of the structure 0 
200 Lines of Contraflexure 
Knowledge of lines of zero moment in floor slabs is important for 
both economic and structural reasons 0 The locations of safe cut-off and bend 
points of beam and slab reinforcement must be known in order to reduce the 
quantity of reini'orcement to minimumo Structurally, a knowledge of lines of 
contraflexure is necessary in order to visualize the action of the structure 
and reinforce it properlyo This section considers the locations of these 
lines of contraflexureo 
(a) Yielding as a structure. If" yield lines form along column 
lines and at midspan in a floor system as shown in Fig ~ 54a, the moment 
diagram will be as shown in Fig. 54bJ considering the total moment across 
one panelo Assuming that the panel is reinforced symmetrically about mid-
span then 
and 
from which 
or 
w abx/2 - w bx2/2 = bmi + MI Y Y -0 
bmi + ~I ] 
1 - -~---
w a~/8 y 
bm + ~ ] 
bm(l+i) + ~(l+I) (27) 
Values of Eq. 27 are tabulated in Table 26 for several values of the ratio 
of the total positive to total negative panel moment. If i ::;; I, then this 
ratio is 1 + i 
1 The values in Table 26 are based on total panel moment 
and. must be considered as ilaverage II or approximate locations of the lines of 
contraflexureo The line must of necessity be other than straight because 
of the variations in moment in this region where moments are well 'Wi thin 
the elastic range. 
(b) Yielding as a panel. If yield lines form within a uniformly 
loaded panel fixed on all four edges as shown in Fig. 55a, the moment diagram 
of the total moment at a:ny section of part IV of the slab will be as shown 
in Fig. 55b. To obtain the value of x, moments are taken about the point of 
contraflexure. The solution of the resulting cubic equation yielded the 
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values of x given in Table 27 for several values of i and a/b. Again these 
values of x are only average values. Actually, the line of contraflexure 
should be curved in a manner similar to that shown in Fig. 55c. However, the 
values of x/a in Table 27 are of quantitative value in that they indicate 
locations from which the lines of contraflexure must vary. Some of the values 
in Table 26 are repeated in Table 27 for comparison of structure and panel 
values of x for similar ratios of negative to positive moment resistance. 
Except for the case where h4 is less than a/2, the two sets of values are" 
very close. 
To illustrate the effect of cutting" the positive and negative rein-
forcement at the points of contraflexure, "consider Fig. 56a. The positive 
moment resistance of this square uniformly loaded panel is assumed to stop a 
distance 0.15a from each edge. The negative moment reSistance, which is 
twice the positive, is assumed to extend from the edge to the quarter points 
of the span. For yield pattern 1, Fig. 56b, 
whereas 
m(l+i) J 
wa2/24 i=2 = 1.11 
Y 
m(l+i) _ 1 
2 -
w a /24 y 
if positive reinforcement is present over the entire panel, for this par~i-
cular yield pattern. For yield pattern 2, Fig. 56c, 
m(~+i) J = 0.75 
w a /24 i=2 
Y 
For yield pattern 3, Fig. 56d, 
mCl+i) ] ;; 1.20 (by virtual 'Work) 
'W a
2/24 i=2 
'Whereas 
y . 
m(l+i) = 
w a
2/24 y 
if positive reirlforcewent is present the entire panel for tpis particl~lar 
yield pattern. These brief analyses indicate that the elimination of positive 
reinforcement at the corners of the panel reduces the yield load substantially, 
if the yield pattern develops 'Within a panel. Consequently, the effect of the 
existence of areas ~n the pan~l without positive reinforcement should be 
investigated in structures in which the beams are strong enough to force the 
yield pattern along slab diagonals .. 
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IV. SUMMARY OF .ANALYSES 
210 Elastic Moments 
In Chapter, II, values of elastic moments are given for uniformly 
loaded interior panels, exterior panels, corner panels, and panels haYing an 
"insti tutional type ft arrangement ~ . The variables considered and their range 
are alb =; 005 to 2, Sa = 0 to go, and Sb = 0 to co 0 Both loading on all panels 
and partial loadings for maximum moment were considered 0 For interior panels, 
~th alb = 1, values of moments for a complete range of beam stiffnesses are 
given; while for other values of alb, values of moments are given only for 
S = s = 0, l~ and 00 9 
a b 
Computation of Int~rmediate Values of Moment 0 Approximate inter-
mediate values for the all panels loaded case may be, computed by the follo~ng 
procedure: 
10 Compute beam moments by use of Equations 2b and 2c, or by 2a 
and distribute beam moment to positive and negative regions 
as indicated in Fig 0 li. 
20 Compute total negative and posi ti ve slab moments by subtraction 
of respective beam. moments from 2/3 ~ and 1/3 ~ 0 
30 Distribute negative and positive slab moments to column and 
middl~ strips in same ratio as for panel having alb = 10 (See 
Figures 3 and 4.) 
This approximate procedure yields moment values which check closely with 
several values computed by Sutherland (5) 'Which are not given in Table 10 
Table 28 shows a comparison of values for all panels loaded computed by use 
of the above procedure 'With values computed by Sutherland. In Table 29 ratios 
of beam and strip moments to static moment, designated as LL/DL = 0, are given 
for an interior panel wi th all panels loaded, in a more concise form than is 
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done in Table 10 Moment ratios are given for all combinations of alb = 0.5, 
0,,8, IJ ~-o25, and 2; Sa = 0, 1, and 00; and Sb = OJ 1, and OOg Those values 
m.a.rked "With an asterisk were computed by use of the a:p:proximate :procedures 
described :previously. 
A:p:proximate computa.tion of intermediate values of maximum live load 
moments is somewhat less direct than that for all panels loaded.. In Table 30, 
the ratios of the various maximum live load beam and stri:p moments to the sum 
of the moments are tabulated for all values given in Table 150 Also given are 
the ratio of the sum of the maximum panel moments to the static moment and the 
ratio of the sum of the negative moments to the sum of the maximum panel 
moments 0 The ratio of the sum of the maximum panel moments to the .static 
moment varies little--from 1052 to 1061. The ratio of the sum of the negative 
moments to the sum of the maximum. panel moments varies from 0053 to 00580 
Because of the ap:parently small range of these ratios, interpolation for 
intermediate values of maximum live load moments is simplified 0 By inter-
:polatingbetween these values of ratio of moment to sum of maximum mo~nts, 
errors introduced by interpolation 'Would lead only to errors in distribution 
of moment or reinforcement to stri:p or beam and not to errors in distribution 
to positive or negative or in total value of momento Consequently, direct 
numerical or gra:phical interpolation between tabular values is ·.suggested. 
The inter:polation is :performed by utilizing a table similar to Table 29 'Where 
the ratio of the maximum live load moment for a :particular strip or beam. 
location to the sum of the maximum live load moments is tabulated rather. than 
the numerical value of the moment; these ratios for the maximum live load 
moment are denoted by LL/DL = 00 in Table 290 In Table 29, LL/DL = CtJ, moment 
ratios for S = S = 0; S = & - 1· S - S - CtJO S = a b a -b - , a - b - , a 
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Sb = 0 were taken from Table 30 or computed from the values in Tables 1, 2, 
3; 4, 5" 6, 7, and 8. For alb = 1, all values were taken from Table 30" 
The four remaining values for each alb marked by an asterisk} were computed 
by assuming that the relative change in moment between two known values is 
the same as the relative change in the same values in panels 'With alb = 10 
With Table 29 thus completed, further values may be obtained by numerical 
or graphical interpolation" The accuracy of a procedure such as that sug-
gested above largely depends on how close Sa' Sb' and alb for the panel for 
which the moments are desired are to those of the panels for which the 
moments are known. While the degree of accuracy of the above procedure for 
determining a particular strip or beam moment is somewhat questionable, the 
procedure does yield moments whose sum, if not exact, is very close to that 
which would be obtained by direct computation of the moments D 
Interior, Edge) Corner) and Institutional Plan Momentso In Sections 
11 through 13, the moments in edge, corner) and institut,ional plan panels are 
presented and compared individually with interior panel moments. For further 
comparison, the beam and strip moments in Tables 9, 11, 13., and corresponding 
moments from Table 1 are presented in Table 31 and tabulated in a form which 
permi ts closer comparison of moments for various type panels 0 In Table 31) , 
moments for edge) corner" and institutional panels are the same as in Tables 
9) 11, and 13; except as follows: 
1. Moments for interior column strips, of width b/4 and parallel 
to the edge, were doubled for comparison with interior panel 
column strip moments • 
. ·20 Moments for interior beam of insti tutionalp1a.n panels, parallel 
to the edge, were ~ncreased by 1/3 for comparison 'With interior 
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panel beam moments 0 This increase is based on the supposi-
tion that the loading on the beam is derived from a width 
"3b/4 rather than b as in an interior panel .. 
MOments for interior panels are presented without correction except as 
follows: 
1. Half interior beam moments are cOIIq')ared 'With edge beam moments 0 
20 For Sa = ~ = OJ half interior column strip moments are dis-
tributed in proportion to the stiffness of the edge beam and 
co;Lumn strip of 'Width b/4 for comparison with edge beam and 
edge column strip moments parallel to the edge. 
3 0 The average of interior panel middle and column strip moments 
is compared with corridor moment parallel to the edge 0 
On the basis of the moments in Table 3lJ adjusted as described 
above, the following observations are made: 
( a) Moments parallel to an edge in edge and insti tutiqnal plan 
l'anels differ from corresponding moments in interior panels only in distri .... 
bution between column strip; middle strip, and beam, with no difference in 
total negative or positive moment not attributable to round off errors or 
errors in difference equation solutions 0 The magnitude of the differences 
are in most cases small in terms of the static moment, particularly 'When 
alb = l. With alb = I, the largest difference in Table 31 is between the 
negative column strip moments for interior and institutional plan panels; 
the difference is 15 percent of the static moment or 29 percent of the 
interior panel column strip moment 0 Other values with alb = 1 differ by 
larger percentages of the interior panel moments, but are considerably 
smaller in terms of the static momento When alb = ~, the differences are 
somewhat larger with the slab moment generally larger and the beam moments 
smaller than those of the interior panels 0 When alb = 2j the differences 
are smaller except where the edge beam is added with Sa = Sb = 0, result-
ing, in effect, in a structure with somewhat greater stiffness than in. the 
interior panelo 
(b) Moments perpendicular to an edge in edge and institutional 
plan panels differ from interior panel moments in somewhat the same manner 
as moments in comparable continuous beams differ 0 For instance, an interior 
span of a continuous beam with a large number of equal spans would have 
positive and negative moments of 33 and 67 percent of the static memento 
A continuous beam w.i th two equal spans 'With outer edges simply-s:upported 
would have positive and negative moments of 50 and 100 percent of the static 
moment, both being one and one-half the ,interior span moments 0 If an edge 
panel behaved in a similar manner, the moments perpendicular to the edge 
would be apprOximately one and one-half those for an interior panelo However, 
the computations for edge panels were based on the assumption that beams 
perpendicular to an edge were fixed at the edge by columns 0 Thus the ratio 
of edge panel moments to interior panel moments should be somewhat less than 
1050 The maximum ratio of edge panel moment perpendicular to an edge indicated 
in Table 31 is 108 for total positive moment, with alb = 0.5 and S_ = S~ = 0, 
. ~ u 
and 102 for total negative moment, with alb = 2 and S = & = O. Other ratios 
. a -b 
of edge to interior panel moment vaxy from 102 to 105 for positive moment and 
009 to lol for negative momento Average ratiOS, excluding cases for S = Sb 
, a 
= 00) are 104 for total positive moment and 101 for total negative momento 
Thus while edge panel moments are in most cases larger than interior panel 
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moments J the increase is less than that for comparable continuous beams 0 
Continuous beams comparable to the insti tutional plan panels considered, 
and simply-supported at their exterior supports, would have a positive 
moment in the long span 201 times that of an interior span and a negative 
moment 100 times that of an interior spano The range of ratios of insti-
tutional plan panel moments to interior panel moments, excluding cases 
for Sa = Sb = ~, is 104 to 109 for total positive moment and 004 to 008 
for total negative moment with average ratios of 106 and 007, respectively 0 
Ratios of individual strip and beam moments vary considerably more than the 
I . 
total positive and negative moments, but in general follow the same patterno 
(c) Corner panel moments might 'Well be expected to be greater 
than either edge panel moments perpendicular to or parallel to an edge 
because of there being no slab moment at two edges 0 In general, the corner 
panel moments are larger than edge and interior panel moments 0 The ranges 
of ratios of corner panel moments to interior panel moments, excluding 
cases for Sa = Sb = ~, is 102 to 109 for total positive moment and 004 to 102 
for total negative moment with average ratios of 104 and 100" respectively 0 
If the alb = 005, Sa = ~ = 0 case, where the edge beam influences the moments 
greatly, is not considered, then the average ratios are 103 and 101 
respecti vely--about the same as for edge panel moments perpendicular to an 
edge" For a square corner panel the ratios of $.trip and beam moments to 
interior panel moments are close to the average ratios above 0 
Live Load/Dead Load Ratioo The general effect of the LL/DL ratio 
on moments may best be understood by an examination of the moments produced 
by full panel live loads placed so as to produce maximum moments in the 
beams, column strips, and middle strips 0 Several effects are immediately 
noted 0 The moments are larger than those produced by a uniform load of the 
same intensity on all panels, and the relative increase in moments over those 
of the all panels loaded condition is larger for small :.noments than for 
large moments, resulting in a more uniform distribution of moment between 
negative and positive moment sections, and to a lesser extent between beam 
and slabo In Table 29, a summary of panel moments are presented for all 
panels loaded (LL/DL = 0)) for panels loaded for maximum "live load moments 
(LL/DL = (0) j and for the average of the dead load. a.l1d maximum live load 
moments (ll/DL = 1) 0 The values listed are ratios of" the moment at the 
section considered to the sum of the moments in the panel for that particular 
LL/DL ratio and are for LL/DL = 0, percentages to be multiplied by wa~/8; 
for LL/DL = 1, percentages to be multiplied by 1028 wa~/8 (approximately); 
and for LL/DL = 00, percentages to be multiplied by 1056 wa~/8 (approximate-
ly) 0 The value 1056; while not exact, is reasonably close to all corre-
sponding values listed in Table 30; and the value 1028 is the average of 
1056 and 10 Because the sums of the maximum live load moments in individual 
panels are so nearly constant" it is possible to list values in Table 29 
such that their sum for a partiaular panel is 100, thus permitting a direct 
comparison of distributions of moment for the three LL/DL ratios., The pro-
portion of the sum of the panel moment in the negative moment section is 
67 percent for LL/DL = 0, approximately 60 percent for LL/DL = 1, and 
approximatel:y ·56 percent for LL/DL = 00 0 It is interesting to note that the 
maximum negative moment in a beam continuous over an infinite number of 
equal spans is approximately 57 percent of the sum of the maximum positive 
and negative moments and that this sum is approximately 1053 W12/80 That 
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the ratios for panels are nearly the same as for continuous beams is not 
unreasonable since the loading conditions for maximum moment in both types 
of structures are simila.!" except for a few cases 0 Such similarity does not 
apply to individual beam or strip moments except when alb is large and the 
panel more nearly resembles a continuous beam 0 The' 'ef~ect of ,the LL/DL 
ratio on distribution of moment in a panel is shown in Fig. 57 where values 
from Table' 29 are plotted versus LL/DL for a/b = 005 j l~ and 2, and Sa = Sb 
= 0, 1, and 00 0 The effect of increasing LL/DL on the proportion of total 
panel moment resisted by a strip or beam section is a decrease at negative 
beam and negative column strip sections; an increase at positive beam and 
middle strip sections; and little Change at positive column strip and 
negative middle strip sectionso 
The effect of the LL/DL ratio on moments in edge and corner panels 
was considered in an approximate manner in the analyses, with recommendations 
based on increasing moments from difference equation analyses for all panels 
loaded by the same percentages as moments in comparable continuous beams 'Would 
be increased by loading for maximum moment over those for loading on all 
spans 0 The moments thus increased are given in Tables 16, 17, and 180 These 
increased moments are reasonably close to those for interior panels for 
~oments parallel to an edge in an edge panel 0 For moments perpendicular to 
an edge, in edge and corner ,panels" the average total positive and negative 
moments are each about 85 percent of those in an interior panel 0 That these 
moments are less than those for an interior panel most probably resu+ts from 
the assumption that the beams were fixed at exterior columns in the edge and 
corner panels analyz.ed by use of difference equationso An exterior span of 
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a semi-in:finite continuous beam having equal s:pans would have positive and 
negative moments equal to 0089 and 0087" respecti velYJ times those for an 
interior span if the end were fixed and corresponding ratios of 1019 and 
1001 if the end were simply supported. The maximum moment at the fixed end 
of a semi - in:fini te continuous beam with the end fixed is the same as the 
maximum negative moment for an interior span. 
220 Limi t Moments 
In Chapter II, values of yield moments required for yield loads) 
Wyl on uniformly loaded rectangular panels fixed on four sides are gi ven 
for' a large range, of variables - alb - 0.5 ,to 2, ~ - 0 to 2, i - 0 to:, 2, and 
ill i2 - 005 to 20 Values of the moments are presented in Tables 19 through 
21 and Figures 42 through 450 Also considered in Chapter III, ~th a lesser 
range of variables, are 'edge and corner panels. Values of required moments 
:for edge and. corner panels are presented in Tables 22 and 23. The values in 
Tables 19 through 23 and Figures 42 through 45 were computed by use o:f 
Equations 8p and 8s Which were derived on the assumption that corner levers 
did not occur; consequently, the distribution of reinforcement to column 
and middle strips has no effect on Equations 8p and 8s so long as II]. is inter-
preted to be the average positive moment resistance in~the fiatt direction, 
and values of i and ~ are interpreted to be average values for the :full width 
of panelo Limited studies of square panels in which corner levers 'Were 
assumed to occ~, described in Section 19(c), indicate that the required 
average slab moment resistance is about 9 perce:r:tt grea~er than that given 
by Equations 8p and 8s when corner levers occur in panels with uniform dis-
tribution of reinforcement and about 2 percent less to 3 percent greater 
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when the reinforcement in the middle strip is twice that in the column strip. 
This implies that the required average slab moment resistance for panels 
wi th more reinforcement in the column strip than in the middle strip would 
be more than 9 percent greater than that given by Equations ~ and 8so 
However, the cases in which yielding of the slab as a panel is. important are 
those slabs in which the reinforcement in the middle strip is likely to be 
larger than in the column strip, as will be discussed later 0 
Studies described in Section 19(b) of possible yield patterns over 
columns in structures with square panels and without beams indicate that the 
moment resistance required to prevent yielding over a column in the form of 
radial and concentric yield lines is less than that required to prevent yield-
ing as a structure, particularly so in view of the fact that structures 
without beams normally have larger moment resistance in the column strips 
than in the middle strips 0 
The results of brief studies of locations of the lines of contra-
flexure and the effects of cutting positive and negative reinforcement at 
points of contraflexure are presented in Section 20, Tables 26 and 27 C) The 
average locations of lines of contraflexure ins quare panels for ratios of 
negative to positive moment resistance of 2 and 103 are apprOximately 0021 a 
and 0018 a, respectivelYJ for yielding a.s a panelo One study, for a square 
panel, indicated that the required moment resistance in a panel with positive 
and negative reinforcement cut 0015 a and 0025 a, respecti vely, from the edge 
was about 20 percent greater than that for a panel 'With reinforcement present 
over the entire panel and in 'Which corner levers do not occur 0 Consequently, 
in structures in which yielding as a panel is likely to occur, cutting of 
reinforcement beyond the average lines of contraflexure is likely to increase 
the required slab moment resistance considerablyo 
COIIl]?arisons of the limiting load capacity for yielding as a struc-
ture and for yielding as a panel are made in Section 19( a) c For a square 
panel" 'Wi th equal reinforcement in both directions" yielding as a panel will 
occur unless the sum of the positive and negative moment resistances of the 
beams is less than twice that of the slab; hence" in structures with other 
than fairly heavy beams" yield lines will form at the columns and midspan 
parallel to column lines. As an illustration" values of the ratio of the 
yield load for failure as a panel to the yield load for failure as a structure 
are given in Table 32 for structures having moment resistances distributed 
between beams and strips in the same manner as maximum moments are distributed 
for interior panels with LL/DL = 1 in Table 290 Values of the ratio are given 
for structures with a/b = 0:.5 (or 2) and 1 and with moment resistances propor-
tional to elastic moments in structures having beam sti.ffnesses equal to 0, 
I, and 00 0 Computations for yield loads were based on the assumption that 
corner levers did not develop. For the cases considered" the ratio of slab 
yield load to structure yield load varied from 300 for a panel without beams 
to 0087 for a square panel with ratio of beam to. slab moment resistance of 
2040 In only one other case,., a panel with alb = 0,,5 and with ratios of beam to 
slab moment resistance in the two directions of 100 and 1001, was the slab 
yield load less than the structure yield load.. Equation l4b predicts that the 
slab yield load will be less than the struct-ure yield load in this panel if 
the beams in the short direction have a moment resistance greater than 0037 
times that of the slab or if the beams in the long direction have a moment 
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resistance greater than 1806 times that of the slab 0 Thus, if the limiting 
moment resistances of the slab and beam are proportional to the elastic 
moments, the yield load of the structure "Will be less than the yield load 
of the slab except in cases where the beams are very stiff 0 In those 
:panels 'Where the slab yield load is less than the structure yield load and 
the :panel is reinforced according to the elastic moments, an equal percent-
age increase in' all slab moment resistances, sufficient to make the slab 
yield load. equal to that of the structure yield load before the increase, 
is necessar,y if the panel is to have the'same ratio of limit load to elastic 
design load as other panels with more flexible beams 0 This, necessary 
increase in slab moment resistance is occasioned by the fact that the elastic 
moments are defined along lines 'Which coincide 'With the yield lines for 
yielding as a structure 0 
To summa.rize yield moments in interior panels and to present a 
large range of values for checking the possibility of yielding as a slab 
ra.ther than as a structure, values of the ratio of the yield ca:paci ty of 
the slab to the yield capacity of the structure are presented in Table 33 
for the ~ull range of possible slab to beam moment resistance ratioso The 
coefficients in Table 33 were computed by use of the following equation 
2 l+i 
+ (.§:) ~ ~ .., 
b 1+1\ 
L!-
where WS is the yield load for yielding as a structure y 
and 
II). b(1+i4) 
, wSa~/8 
y 
(28) 
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or 
Coeffe 3 
~ b(1+i4) (28a) = 
J3+ 
1 1 2 s a~ 
a 2 1+i3 a 2 1+i3 Wy tf"' 
(1)') ~ l+i (:5") J.L l+i 4 4 
if a 2 1+i3 
> 1 (:i») l.I. l+i 
4 
If the ratio of the sum of the slab and beam moment resistances in the a 
direction to that in the b direction is the same as the ratio of the static 
moment in the ~ direction to that in the £.d~rection, then the yield load 
for yielding as a structure is the same in both a and b directions. Thus 
and 
~ 
...JL = 
s 
w y 
m1b(1+i4) m1b(1+i4) 
M2b(l+I) + m1b(1+i4) = Ws a~j8 y 
3 
3 + (~) ~ ~ -b 1+J..4 
[ 
2 l+i 
= 
m1a~(1+i3) 
vl ab2j8 y 
~b(1+i4) 
W
s a~j8 y 
(29) 
(30) 
where ~ is the yield load for yielding as y a slab or panel 0 Thus the coeffi-
cients in Table 33 are values of the ratio of the yield capacity of the slab 
to the yield capacity of the structure. The values in Table 33 hold for all 
values of alb since 
m1~(1+i3) 
IDl b(1+i4) 
mltJ.S.(1+i3) 
w
S
ab2j8 
= y , 
mlb (1+i4) 
W
S a~j8 y 
= percent of moment in b direction resisted by slab 
percent of moment in a direction resisted by slab 
(31) 
72 
The form of Equations 28 and 28a suggest a general solution of 
EC[. So. Ii' EC[. (lo i·s inverted and both sides are multiplied by ~b , 
wao/8 
the following equation is obtained. . Y 
~~ b (_1_+_i_2 ...... + __ 1+_i_4_ 2 
w a~/8 2 ) 
1 ' Y 
=( Il.~a ... 
\ ~ g"h2JA 
" -- I""" 3 +-Y~~ .... ~b 
iN a~/8 y 
and 
then Eq 0 32 may be wri tt~n as follows 
3~a 1=-------- (32a) 
Equations 32 and. 32a are valid if P b/P a< 10 If Pb/p a > 1, . then the following 
equa tioD." should. be used 
(32b) 
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A study of the method of derivation of Equations 9 through lla indicates that 
P
a 
and Pb represent the ratio of the moment resistance of the slab alone ~th 
yield lines parallel to column lines to the static moment of the slab yield 
load for yielding as a slab (diagonal yield lines) in the respective directions 
considered 0 It should be noted that the moment resistance of the slab, when 
yield lines are parallel to column lines, is 
or 
Only when i2 = i4 or i l = i 3, can the simplified expressions ~b (1+i2) or 
~ b (l+il ) be usedo Thus Equations 32, 32a, and 32b are valid for interior, 
edge, and corner panelso Equations 32a and 32b are plotted in Figure 58, 
forming an interaction diagram which may be used either to determine the 
yield load of a slab of known moment resistance or to determine the required 
moment resistance for a specified ,yield loado In the first case Figo 58 is 
which w may be obtained 0 y In the second case, one of the following must be 
selected arbitrarily or otherwise=~PaJ Pb, or Pb/Pa ; then the remaining 
unknown is obtained from Figo 58 yielding the required moment resistanceso 
An examination of Equations 8 and 32 will show that for yield load. design 
or analysis purposes, a slab may be visualized as a beam of span a (or b)J 
and having en,d condi tions the same as the slab in the a (or b) direction, 
which must resist a portion of the load in the a (or b) direction--the 
portion depending on the moment resistance in the other direction" As an 
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example, if the same proportion of the moment is to be resisted by the slab 
in each direction, Pb/P
a 
= 1, and the slab must be designed to resist 1/3 of 
the static moment in each directiono Of course, in bending and cutting 
reinforcement, proper cognizance must be given the locations of yield lines 
in slabso 
This approach to the design or analysis of a slab by the yield line. 
theory is of interest because it readily sho'Wsthat portion of the load or 
moment which the slab must resisto In using this approach it should be noted 
that the derivation is based on a particular pattern of yield lines which 
may not result in the theoretical minimum yield load or maximum required 
moment resistance since corner levers or other patterns of yield lines may 
develop 0 However, the theoretical minimum yield load has alw.ys been observed 
to underestimate the carrying capacity of a slab failing in flexure, some-
times by as much as 10Q percent, because of the effect of large deflectionso 
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v 0 RECOMMENDATIONS FOR DESIGN 
230 Introduction 
The purpose intended of the recommendations made in this chapter is 
I 
to simplify the design of reinforced concret.e slabs by consideration of the 
floor deck as a structure, supported by columns, which resists internal moments 
and shears through a combination of beams and slabs acting t~gether to resist 
their individual shares of the moments and shears--the individual shares being 
governed by the stiffnesses of the slab and beams 0 This procedure differs 
from the present design procedures in building codes (12J 13) which in general 
cover only slabs without supporting beams (flat slabs) and slabs supported on 
four sides by beams (two-way slabs) 0 In the case of the flat slab, all of the 
design moments and shears are resisted· by the slab; in general this case 
represents one limit of the design recommendations made in this chapter 0 In 
the case of the two-way slab, the slab is considered as a structural member 
which transfers load to the beams, and in this respect the loads for which 
the beams are to be designed are fixed as opposed to the concept that the 
slab and beam act jointly in resisting moment in any particular directiono 
An exception is Method l.~ ACI 31B-51( 12) and ACI 31B-56( 13), which apportions 
the total design moments and shears between the slab and beamo However., the 
apportionment ~s fixed; and in this marmer the strength and, to a great extent., 
the stiffnesses of the beams are fixed 0 The basis of the design recommendations 
made here is a procedure for the determination of the portions or shares of 
the total moment resisted by each element of the structure v The determination 
of the total moment to be resisted by a panel of a slab and beam floor system 
for a particular loading is relatively simple since there are static limi ta~ 
tions on the total moment in a panel which are not a~fected by the presence 
or absence of beams or by the relative stiffness of the individual elements 
16 
of the structure 0 This procedure of apportioning a total moment to the 
various structural elements of the panel has the advantage that errors in 
distribution of moment do not affect the sum of the moments; and, if these 
errors are not extremely la.rge, analyses presented in Chapters III and IV 
indicate that the limiting load. capacity of the structure will not be 
affected to any great extent . Another advantage of the procedure is that 
the designer may, within rather broad. limits, select beams of any size, and 
proportion the beams only for those moments corresponding to.the relative 
stiffnesses of the beams and slabs} with the slab being proportioned for 
the balance of the momento Conversely, the designer may, 'Within rather 
broad limits, select a slab of any thickness, and proportion the slab only 
for the moments corresponding to the relative stiffnesses of the slab and 
beams., In other 'Words, the designer, within certain limits, has the choice 
of using beams with stiffnesses varying from zero (no beams) to values which 
for the ~urposes of analysis are considered infiniteo Precedents for the 
apportionment of a total design moment to various sections of a panel are 
found in the design of flat slabs (3, 12, 13, 14)0 There is little precedent 
for the apportionment of a total design moment to various sections of a 
:panel with beams and slab although the recommendations of Newmark and Siess 
(15, 16) to a large degree advocated this procedureo Some recognition has 
been given the joint action of the beam and slab by Siess and Ne'W'Ill8.rk (15) 
in their recommendation of a reduction in the beam moments and an increase 
in the slab moments derived from analyses of structures with infinitely stiff 
beams to account for the effect of the deflection of the beams. However, the 
conventional methods of design have limited the resulting structure to either 
a p~el 'With no beams or a panel with rather stiff beams 0 The intent of the 
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design recommendations herein is to bridge this gap between no beams and 
heavy beams to permit the design of structures with beams of any stiffnesso 
The lack of precedence in the actual mechanics of design of structures com-
posed of slabs and beams of any given stiffness is to a large extent over-
shadowed by the continuous reliance of designers on elastic analyses for 
the determination of axial loads, moments, and shears for use in proportion-
ing columns and beams in reinforced concrete structures 0 Comparati vely 
recent recommendations for ultimate strength desie)u (17) have relied on 
elastic analysis for the determination of moments and shears 0 Consequently, 
the design of beam and. slab floor systems in which the stiffness (and strength) 
of the beams may be zero, very large, or some intermediate value is but a 
logical extension of the present design methods based on moments derived 
from elastic analyses. 
The yield line t,heory for the analysis of the action of the structure 
at maxlmum load capacity is extremely useful in determining critical sections 
for design, permissible cut-off points for reinforcement, ratios of minimum 
slab to beam strength below which the strength of the slab may be less than 
the strength of the structure, the effect of various patterns of reinforcement 
on the limiting load capacity of the structure, and other valuable design datao 
However, the use of the yield line theory as the sole method of analysis for 
a beam and slab structure would leave the designer with little means other 
than experience to distribute properly the total moments and corresponding 
reinforcement to various sections of the structure for their most effective 
action at service loads. Because of the correspondence of major yield lines 
with critical deslgnsections inelastic analysis in all structures but those 
with comparative~y heavy beams and because of the comparatively constant ratio 
between design moments and yield moments for sections proportioned by elastic 
design..'! the designrecormnendations made in this chapter are based on moments 
derived from elastic analyses ~th some modifications indicated by results of 
analyses by the yield line theoryo 
The determination, or in many cases--the selection, of the loads and 
possible patterns of loading on a structure is one of the most important steps 
in the design of beam and slab floor systems 0 Generally, the dead load is 
rather accurately known and reasonably uniformo There are some cases where a 
large part of what might be considered dead load is only vaguely know. in 
amount and distribution--one example is the number, weight, and location of 
partitions in an office building expected to have a number of tenants on each 
floor 0 The live load is considered to be known somewhat less accurately than 
is the dead load 0 This is particularly true of buildings with many tenants 0 
Consequently, the designer is in many cases forced to use live loads which 
are specified by the building code or which have been shown by service experi~ 
ence to be adequate for the general type of occupancy expected 0 In these 
cases, or it might be said for all cases) the live load may be more properly 
termed an allowance for the particular type of occupancy for which the building 
is designed 0 If the intensity and distribution of the loads to Which the 
structure will be subjected are accurately known, there should be little 
doubt tha.t these are the loads for which the stru.cture shouid be designedo 
If the design live load is what might be termed an allowance, then a question 
arises as to what patterns of loading should be used in computing the design 
moments and shearso The ACI 318-56 code (13) suggests that computation of 
moments be made with dead load on all spans j wi th live load on two adjacent 
spans, and with live load on alternate spans 0 This arrangement of loading 
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produces moments very near the maximum for both one=way construction and two-
way construction as is shown by results of analyses listed in Chapters II and 
IV 0 However j the empirical method for the design of slabs without beams in 
ACI 31~56(13) in effect reduces both the dead and live load 28 percent and 
utilizes moments for loading of all panels simultaneously with dead and live 
load; the detailed provisions for the design. of two=way slabs utilize moments 
whose sum is slightly less (about &{o if LL/DL = 1) than those computed 'With 
live load on two adjacent spans and with live load on alternate spanso Thus" 
ACI 318~56 provides for design moments whose sums are from 58% or less to 
about 100% of the maximum moments possible for the loading patterns suggested 
in the code (13)0 In an effort to hold to a single set of design unit stresses 
for all types of constructiony codes (12, 13) have reduced or adjusted the 
design moments for various types of construction such that structures designed 
for the same loads and with the same bay sizes have greatly different computed 
stresses) depending on the type of construction 0 Presumably this difference 
in design moments5 or design loads} is based in the case of flat slabs on 
the large number of full scale field tests that have been made on flat slab 
structures and on the satisfactory service of existing structures of this 
type 0 It is somewhat of a paradox -that the. type of construction in which 
ep~ineers'have the greatest cor~idencej as evidenced by the great usage of 
one=way constructionJ is designed for the greatest total moment 0 Perhaps a 
parallel history of development f?r both one-way and flat slab construction 
would have led to similar total design moments being specified in the codeso 
It is difficult to conceive how monolithic structures, identical in design 
except for type of construction} could have greatly different maximum stresses 
or could sustain greatly different ultimate loads when loaded in such a manner 
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as to preclude dome action, redistribution of load to other parts of the 
·structureJ and other phenomena which would tend to increase the capacity of 
a single panel or group of panels, all panels loaded, alternate rows loaded, 
and two adjacent rows loaded are loading patterns which would tend to elimi-
nate or equalize among the various types of structures the influences which 
might greatly increase the ultimate load of a single panel over that of the 
structure as a woleo Consequently, the design recommendations made in 
this chapter are based on the use of loads depending on the occupancy and 
use of the structUre} on sufficient patterns of full panel loading to yield 
beam and strip moments close to the maximum possible; and on moments whose 
sum is equal to the static moment when LL/DL = 0 and greater than the static 
moment when LL/DL > 00 It is believed that these recorrnnendations will in 
this manner place the computation of design moments on the same basis for all 
types of structures. Then, if ,it is desired that different types of structural 
arrangements be designed for greater. or lesser loads or momentsy an amplifica~ 
tion or reduction factor can be applied to either the load} the momentJ or 
the unit stresses 0 This procedure would at all times allow the designer to 
work in terms of the actual loads, moments, and stresses up to a point in 
.. 
design at which the factor is applied 0 As a supplement to the preceding 
remarks,? it is felt that if the intensity and pattern of loading is known_~ 
then moments should be computed by the methods outlined in Chapter II for 
that loading; however J if there be doubt as to the pattern of loading, then 
a large number of possible and plausible patterns should be considered in 
computing the maximum moments. In this respect, the design recommendations 
in the following sections are based on the assumption that the patterns of 
loading are not known accurately 0 
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240 Discussion of Factors Influencing Moments 
A number of factors influence the total moment and the distribution 
of this moment to the various sections of a beam and slab structure 0 The 
influence on moments of a number of these factors--a/b j Sa' Sb' i, ~, LL/DL, 
etcc=-is discussed in Chapters II, III, and IV in connection with the deriva-
tion of equations and presentation of results of analyses 0 However, the 
analyses in Chapters II, III, and IV are based largely on the assumption that 
the structure was supported at points and that these supports offered no 
restraint to rotation of the beams and slabso Also,9 it was assumed that the 
width of the beams was negligible and that the beams offered no torsional 
restraint to the slab" In this section, the influence on moments of these 
and other factors are discussedo 
(a) Static Moment "" The static moment of a rectangular panel 
supported at the corners by columns of negligible size is 
(33) 
If the columns are not of negligible size; but are of diameter .£l Nichols (18) J 
utilizing the assumption that the distribution of shear around the column was 
uniform) deri ved the following equation for the static moment for square 
panels"""" 
[ 4 c 1 (c 3J 1 ~ - - + - -) 1C a 3 a 
where M is the static moment considering the finite size of the columnso 
o 
He recommended the use of a more simple and reasonably accurate apprOximation 
M = wa~ 
o "tr 
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Siess (19) recommended an even more accurate and simpler expression for 
slabs supported on circular columns 
and presented the follo~ng expression for slabs supported on rectangular 
columns c 
a. 
[ 
2 +c c 2 ] 1 _ b • _a. + __ l~ __ 0 ( c a) _cb 
c a cab 
l+_a_ 1+-1:. 
~ cb 
where c a and cb are the side dimensions of the column.. Equations 33 through 
37 are all based on the assumption that the shear is uniformly distributed 
around the column.. Equation 37 may be simplified to some extent with only 
a slight loss in accuracy by dropping the third term in the brackets and 
multiplying the second term by 0095 
c 
2 a 'Wa~ [l - +-] c cb M =-8- 0095 ~ 0 
0 a c 
1 +~ 
~ 
If the columns are square) Eqo 38 reduces to 
(38a) 
which is almost the same as the approximate expression given by Siess (19) 
for panels 'With square columns.. If the columns are circular} and Eqo 38 is 
assumed to be correct for this case if c
a 
is interpreted as c {1(/4 = Oo88c) 
then the interchange of 0 .. 88c for c a and cb in Eq 0 38a yields 
(3&) 
which is vi rut ally the same as Eqo 360 This suggests that Equation 38 may 
be used as a general expression for slabs supported by either rectangular 
or circular columns if the circular column is replaced, for the purposes of 
analyses, by a square column having the same area 0 
If the column has a capital, or flared top, which forms a support 
of sufficient strength and substantial rigidity: then the diameter or side 
dimensions of the capital should be used for c in Equations 33 through 380 
When beams frame into the supporting column and have stems narrower 
than the sides of the column, the side dimensions of the column should be 
used in Equation 380 HoweverJ when the beams have stems wider than the sides 
of the column, the concrete included within the intersection of the two beams 
forms a rectangular capital 'Whose dimensions should be used in Eqo 38, pro-
vided that the depths of the beams are not so different as to nullify the 
action as a cap~tal of the concrete within the intersection of the beamso 
In accordance with the discussion in this chapter and present 
design practice and code provisions (13).~ it is recommended that the static 
moment of a panel in a beam and slab floor system be computed by use of 
Eqo 38) with the following definition for c
a 
and cb-= 
10 Side dimensions of rect8.J.J.oular column or capital 
in direction noted by subscript, Where beam stem 
widths are less than column or capital dimensiono 
20 c. j 1(/4j where c is the diameter of the column or 
capital, and beam stem widths are less than cj1f./4 a 
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30 Width of beam. stems when greater than column 
dimensions and when depth of beams in a direction 
does not differ greatly from depth of beam in b 
direction; provided that the section included 
wi thin the intersection of the beam stems is 
properly reinforced to resist without overstress 
the applied loads, shears, and moments 0 
(b) Properties and Action of Reinforced Concrete Beams and Slabso 
The stiffnesses of reinforced concrete beams, E I ) and reinforced concrete 
a a 
slabs, .EI/(l-I.?), and the relative stiffness, E I /bEI/(1-1J.2), of the beam 
a a 
'With respect to the slab cannot be computed 'With as much confidence of 
accuracy as can these values for beams and slabs of more homogeneous materials 
such as steel 0 Among the many procedures suggested by others for computation 
of the stiffness of reinforced concrete beams and slabs are computation of 
the moment of inertia by use of the properties of the gross concrete section, 
the gross concrete section plus the transformed steel area, and the trans-
formed section composed of the compressive concrete area and transformed 
reinforcement 0 Although the. moments of inertia computed by use of the three 
sets of properties above may differ by possibly 50 percent, the computed 
relative stiffness of beam to slab and beam to beam would be about the same 
regardless of which set of. properties were used as long as the reinforcement 
ratios for the various elements of the structure do not vary greatlyo 
Deflection measurements of beams and one-way slabs loaded. approximately to 
.the elastic design load indicate that the stiffness of a reinforced concrete 
section is computed most accurately by use of the properties of the compressive 
concrete area and transformed steel area 0 HoweverJ the practice of cutting 
and bending tension reinforcement in beams and slabs results in members w.i th 
reinforcement ratios varying along the:1r length 0 Also" the beam acts as a 
tee beam in the positive moment regions and. as a rectangular beam in the 
negative moment regionso Since the positive reinforcement is generally less 
than the negative reinforcement" and since the positive reinforcement extended 
into the support acts as compressive reinforcement, the assumption of a con-
stant moment of inertia along the full length of the beam should be reasonable. 
The slab reinforcement ratio probably 'WOuld va:ry more from section to section 
than that of the beatno On the average, the slab reinforcement ratio would 
normally be less than that of the beam 0 Also" the ratio of the effective 
depth to the thickness of the slab would be less than the corresponding ratio 
for the beam--meaning that the ratio of the moment of inertia for the gross 
concrete section to that for the transformed section would be greater for the 
slab than for the beam 0 In view of this, it is recommended that the relative 
stiffness of the beams ~th respect to the slabs be based on either the gross 
concrete sections of the beams and slab, w.ith the beams considered as tee 
beams throughout their length, or the average transformed sections of the 
beams and slab 0 The width· of the tee used in computation of the beam stiff= 
ness should be consistent with the dimensions of the panelo The addition of 
a shallo'W beam stem to a slab should not be considered as the addition of a 
beam composed of the shallow stem plus a full. panel width of the slab 0 It is 
recommended that} until tests and analyses indicate a more accurate determina-
tion, the beam stiffness be considered as the net addition of stiffness to 
the entire panel 'Width, i 0 eo, the stiffness of the beam stem and slab less the 
stiffness of the slab 0 
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Poisson.f s ratio has been assumed to be zero in the analyses made 
herein. Measurements of loaded specimens of plain concrete indicate that 
Poisson's ratio is not zero for plain concrete. However, tests of rein-
forced concrete structures indicate that the assumption that Poisson's ratio 
is zero for the purposes of computation of moment is reasonableo 
(c) Stiffness of Columns and Torsional Stiffness of Beams. The 
moments in an interior panel of a uniformly loaded reinforced concrete beam 
and slab floor system 'With panels of equal dimensions should not be greatly 
affected by the stiffness of the columns and torsional stiffness of the beams 
when all :panels are loaded since there would be Ii ttle or no rotation at 
supports. . Under partial loadings for maximum moments and under any loading 
at edge and corner panels, the slabs and beams "Would tend to rotate at 
supports, resulting in moments in the columns and torsional moments in the 
beams .. The assumption of these moments by the columns and beams would tend 
to reduce the li ve load moments in the slab and beams in interior panels, 
and reduce all moments in edge and corner panels except the moments at the 
edge 0 The distribution ot' the moment would probably be changed slightly, 
'Wi th the percentage of total moment at nega ti ve beam and column strip 
sections increasing.. The general tendency "Would be for live load mone nts 
to more·nearJ..y approach moments for all panels loa.d:-ed with respect to both 
total panel moment and the distribution of total panel moment. .An approximate 
but simple approach to the reduction of live load moment and change in dis-
tribution of moment -would be to consider only a part of the live load movable--
or reduce the LL/~L ratio While keeping the total load constant--with the part 
of the Ii ve load .. considered movable depending on the stiffness of the columns 
and the torsional stiffness of the beams. A continuous beam supported by 
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columns having stiffness factors (as determined for moment-distribution 
analyses, 4EI/L) equal to .0, 1.>' and eo times that of the beam would have 
maximum posi ti ve and negative live load moments whose sum in terms of the 
static moment would be 1053, 1021, and 1000, respectively 0 Considering 
the fact that in a beam and slab floor supported by infinitely stiff 
columns the sum of the maximum positive and negative live load moments 
would be greater than the static moment of the live load, it appears that 
the following expressions would be reasonable to account for the effect of 
column stiffness on moment~ 
where 
c 
0~95 ~ . 
a 
(39) 
(40) 
( 41) 
In this manner, an approximation is made of the effect on moment of column 
stiffness 0 
(d) Unequal Panels 0 The effect on moment of unequal panels is 
not considered in the analyses reported herein except to a limited degree 
in Section 130 The effect should be similar to that observed in continuous 
beams where the negative moments in the shorter spans are increased and the 
positive moments decreased in comparison to those in a continuous beam with 
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e~ual spans; negative moments would be decreased in the longer spans and 
positive moments increased 0 Siess and Newmark (2, 15, 16) considered the 
ef:fect on slab moment of une~ual spans in structures with rigid beams 0 • They 
recommended that the panels be analyzed individually as i:f all panels were 
e~ual and that the unbalanced slab moments at panel edges be distributed to 
the adjacent panels in proportion to their stiffnesses if the difference in 
spans is not greater than 25 percent; they recommended that positive slab 
moments be considered unchanged by unequal panels if the dif:ference in spans 
was not greater than 25 percent and if the torsional stiffness of the beams 
was reasonably large 0 Beams were considered separately as continuous beams 0 
Where the unbalanced moments are s~l in proportion to the total moment, 
these procedures should yield fairly accurate moments. However} the beams 
and slabs jointly resist the moments, and any unbalance of moments at an 
edge should be distributed to both slab and beams <> The analyses in Section 
14 indicate that maximum positive and negative strip and beam moments either 
occur or are nearly maxiw~ under the conditions of alternate rows loaded 
and two adjacent rows loaded 0 The tendency for maximum moments to occur 
under these loadings should be greater in structures wi th unequal panels Q 
All of the analyses of elastic moments in Chapter II show that the ratio of 
total negative to total positive moment is nearly constant :for any particular 
LL/DL ratio" Such similarity of slab and beam structures to continuous beams 
and frames suggests that if panels are more than slightly unequal" as evidenced 
by the ratio of the unbalanced moment to the total moment, the structure should 
be analyzed as a frame in both directions with the unbalanced moment applied 
to the frame at supports 0 The resulting negative and posi tiV'e moments should 
be apportioned to the various beam and strip sections in proportion to the 
moments which would exist if the panels were equal 0 The differences between 
beam or strip moments on opposite sides of the panel edge should then be 
eliminated by averaging the moments on both sides of the edge for each beam 
or strip location 0 
25 0 DeSign MOments 
The computation of design moments seemingly should be a straight-
forward computation of the moments existing under the design loading.. The 
first recommendation of this section regarding design moments is that, if 
possible and ~acticable, the moments in beam and slab floor systems be com-
puted according to elastic theory considering the relative stiffnesses of 
the slabs, beams, and columns and considering loadings consisting of dead 
load. on all panels and of live load applied so as to produce maximum moments 0 
If the method of analysis is such that, in effect, only moments at positive 
and negative beam and strip sections are computed and the structure rein-
forced for these moments, then the limiting load capacity of the panel with 
respect to that of the structure should be investigated to preclude the 
inclusion in the structure of panels having lower factors of safety than 
that of the structure as a whole. The analyses of these panels may be made 
by use of t...~e yield line theory as outlined in Chapter III or by use of 
Figo 580 As a rule, the investigation above need not be made unless the 
product of the ratios.of slab moment resistance to total moment resistance 
for both directions is less than 1/9. 
If the panels of the structure are all equal in Size, rectangular, 
and uniformly loaded, then the follOwing recommendations are made for the 
design moments in beam and slab floor systems reinforced to resist moment 
in two directionso 
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10 The sum of the slab and beam. design moments at the beam and. 
stri~ design sections in interior panels in either direction shall not be 
less than 
M =M l +M 2 000
where M , M l' and M 2 are as defined in Section 240 Exception : Live 
o 0 0 
( 41) 
loading on roofs due to ~nd, snow, ponded water, or other weather phenomena 
shall be considered as dead load for the purposes of moment calculations. 
2. ~ The total design moment in interior panels shall be apportioned 
to the follo~ng design sections: 
Negati ve Beam - ~b 
Positive Beam - M2b 
Negative Column Strip - Ml 
Positive Column Strip - M2 
Negative Middle Strip - ~ 
Posi ti ve Middle Strip - M4 
The apportionment shall be as made in accordance with the following procedure ~ 
( a) Mol c The portion of the total design moment resulting from 'WI 
shall be a~portioned to the design sections in accordance with the coefficients 
listed in Table 29 under the heading LL/DL = 0, considering the coefficients 
to be ~ercentages. 
(b) Mo2 u The portion of the total design moments resulting from 
w shall be a~portioned to the design sections in accordance with the coeffi-
2 
cients listed in Table 29 under the heading LL/DL = =, considering the 
coefficients to be percentageso 
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For panels having values of alb, Sa' or Sb other than those for 
which coefficients are listed in Table 29, coefficients shall be computed 
as indicated in Section 21c 
30 In edge and corner panels, panels discontinuous on one and 
two edges, respectively, the design moments shall be multiples of the 
interior panel moments as described in the follOwing paragra~~s: 
(a) Moments parallel to an edge in edge panels shall be the same 
as for interior panels except that the edge beam and edge half column strip 
moments shall be one-half the beam and column strip moments in interior 
panels 0 Should the stiffness of the edge beam be other than one-half that 
of an . interior beam, then the moments in the. edge beam. and edge half column 
strip.~hall be one-half the beam and column strip moments in an interior 
.panel having beams with stif'fnesses twice that of the edge beam under con-. 
sideration except that the· sum of the edge beam and edge half column strip 
moments shall not be less than·one-half that of the sum of the interior 
beam and column strip momentso 
(b) Moments perpendicular to an edge in edge and corner panels 
shall be the following multiple of those in interior panels~ 
M - Positive moments - 1033 01 
Negative moments - 1010 
M - Positive moments - 008.5 02 
Negative moments - 0085 
Negative beam moments at the inside face of the exterior column shall be 
those computed for a continuous beam loaded with dead and live load in the 
exterior span and with dead load only on all other spans; if the negati ve 
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moment thus computed. is less than the interior negative beam moment (or one-
half at a corner) then the positive and negative moments in the corner panel 
shall be increased by 25 and 50 percent of the difference, beam and stri~ 
moment being increased in ~roportion to the moment at the beam or strip 
location 0 Should the stiffness of the edge beam of a corner panel be other 
than one-half that of a corresponding interior beam, then the moments in the 
edge beam and edge half -col"mn strip shall pe based on the moments in an 
interior panel having beams with stiffnesses twice that of the edge beam 
under consideration except that the sum of the edge beam and edge half 
column strip moments shall not be less than the s~ of the edge beam and 
edge half-column strip moments for a corner panel having an edge beam with 
a stiffness equal to one-half that of a corresponding interior bearno 
40 In order to preclude the possibility of the slab having a 
yield load lower than that of the structure, the slab design moments shall 
be increased over those obtained by the preceding recommendations i~ the 
product of the ratios of these slab design moments to total design moment 
in both directions is less than one-ninth& Should this product be less 
than one-ninth, then either the slab design moment in the ~ direction, the 
~. direction, or both shall be increased to values ~ch will increase the 
product to one-ningh or greatero 
50 In order to facilitate the proportioning of the beam and slab, 
it is suggested that the design moments obtained in steps 1 through 3 may 
be changed by not more than 10 percent of the individual beam or strip moment 
provided the sum of the panel moments is not decreased, ,the ratio of negative 
to posi ti ve moment is not changed more than 5 percent, and the product of the 
ratios of slab design moment to panel design moment in both directions is not-
decreased below one-nintho 
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60 If the moments at a panel edge are not identi cal to the moments 
in the adjacent panel} the ·total unbalanced negative moment at the edge shall 
be distributed to the structure considering the structure as a continuous 
beam with similar stiffness and spans 0 The resulting changes in negative 
and positive moment shall be apportioned to the beam and slab sections in 
proportion to moments computed for the panel prior to the distribution. After 
so apportioning the moments, negative beam, column strip, and middle strip 
moments in adjacent panels at the same edge shall be taken as the average of 
the two moment values for each beam, column strip, or middle strip in order 
to obtain equal values of beam or strip moment on either side of the edge. 
Values of the moments recommended in this section for the design of 
reinforced concrete beam and slab floor systems are compared in Tables 34 and 
35 with values obtained by procedures listed in the 1940 Joint Committee 
Report (14), the ACI 318-51 Building Code (12), and the ACI 318-56 Building 
Code (13)0 The comparisons are made for the hypothetical case of interior 
panels with point supports offering no restraint to the panels in order to 
eliminate the effect of size and stiffness of columns from the comparisons. 
The values in Table 34 are for two-way slabs or slabs supported by beams on 
four sides, and the values in Table 35 are for flat slabs, or slabs supported 
by columns 0 All values were based on the code provisions in the sources 
indicated in the tables ~th all provisions which tended to reduce design 
moments included in the computationso Several factors exist which prevent 
the comparisons in Tables 34 and 35 from being strictly valido One major 
factor is the code provision which limits the use of the flat slab design 
procedure by the empirical method to structures with rather stiff columnso 
other factors also stem from the use of structures on point supports as a 
basis of comparison 0 However, most of the factors affect presumably only 
the total design moment to any great extent. Consequently.1 the comparisons 
are made on the basis of total panel design moment and on the basis of the 
distribution of thi s moment to the various strip and beam sections 0 Recom-
. mendations 4 and 5 were not applied to the moments listed in Tables 34 and 
For two-way slaps, th~ distribution of the moment values recommended 
herein corresponds fairly well to code values for square panels when the beams 
are considered infinitely stiff and When they are considered flexible with 
relative stiffness values Sa = ~ = 4. For panels with alb = 0.5, Method 1--
ACI 318-56 yields values of beam moments which are considerably smaller than 
those computed using other code procedure and those recommended herein for 
extremely stiff beams. However, the distribution of the moments given in the 
Table 34 for a panel with alb = 005, Sa = 005, and Sb = ~ compares favorably 
with those based on Method l--ACI 318-560 The stiffness values of 005 and 
= were considered to be reasonable values of relative stiffness of beams 
proportioned for the moments based on Method 10 In general the distribution 
of moments based on the recommendations herein compares favorably with other 
values in Table 34 with the exception of the moment values when alb = 0.5. 
The ratio of the total panel design moment to the static moment for two-way 
slabs ranges from 1001 for values recommended by Newmark and Siess (15.1 16) 
for panels with alb = 005 - 100 to 1038 for values obtained from the 1940 
Joint Committee Report and Method'.2--ACI 318-56 for panels with alb;::: 005. 
All moments are based on LL/DL = 1.1 except those recommended by Newmark and 
Siess are presumably based on a LL/DL ratio of 3 but could be used for any 
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LL/DL ratioo This large variation in total design moment is to a great 
extent due to differences in design philosophy and not to major differences 
in theory of analysiso 
For flat slabs j the distribution of the moment values recommended 
herein compare rather closely to code values recommended for flat slabs 
except for panels with alb = 005 and ACI 318-56 values for panels with 
alb = 20 These discrepancies are due to the constant distribution of panel 
moment recommended by the codes for structures analyzed by the frame analysis 
method which does not account for the effect of alb on the distribution of 
moment 0 The ratio of total design moment to static moment ranges from 0072 
in ACI 318-51 for square panels to 1025 for panels analyzed by frame analysis 
in ACI 318-560 Again it is felt that this variation is due to differences 
in design philosophy and not to differences in the theory of analysis. No 
comparison is made for slabs with drop panels since drop panels were not 
considered in the analyses in Chapter 110 
260 Distribution of Reinforcement and Cut-off Points 
The analyses made herein indicate that the distribution of reinforce-
ment across a slab strip section should have little effect on the action of 
the structure at either design or yield loads if the reinforcement is either 
uniformly distributed across the strip, varied from a maximum spacing adjacent 
to strips ~th smaller moment to a minimum spacing in the center of the strip, 
or varied from a minimum spacing adjacent to strips with larger moment to a 
maximum 'spacing in the center of the stripo Consequently) the follo~ng 
recommendation is made regarding distribution of reinforcement--
The distribution of reinforcement across a strip shall either be 
uniform or consistent with the variation in moment across the strip indicated 
by the moments in adjacent strips and the moment in the strip under considera-
tiono 
The points at which reinforcement is either stopped or bent to 
reinforce the opposite face of the slab or beam should conform to the general 
pattern accepted for continuous beams except in cases where there is some 
possibili ty of yield lines fOrming along slab diagonals.. Based on the 
analyses presented in Chapters II and III, the following recommendations are 
made regarding cut-off points--
10 For all beams and for the slab if the product of the ratios of 
slab design moment to panel design moment in both directions is greater than 
one-sixth, the cut-off points for reinforcement shall be based on the points 
of contraflexure computed for a continuous beam with similar spans and con-
, 
ditions of loadingo 
2. If the product of the ratios of slab design moment to panel 
design moment in both directions is less than one-sixth, the positive rein-
forcement in the column strip shall extend the full length of the panel and 
the cut-off points for the negative reinforcement in the middle strip shall 
be based on a line of contraflexure extended a/10 farther from the support 
than that computed for 'a continuous beam with similar spans and conditions of 
loading 0 Other slab reinforcement shall be treated as indicated in Recom-
mendation 10 
These recommendations should serve to prevent the formation of 
corner levers and lowered yield loads resulting from the reduction of positive 
reinforcement at panel corners and to provide adequate negative reinforcement 
at locations where lines of contraflexure may be shifted by the formation of 
yield lines along slab diagonals 0 
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27., Recommendations for Further Analytical and Experimental Studies 
The questions raised by the analyses and discussions presented 
herein are many and varied. Many are discussed, and in some cases approxi-
mations and estimates are made to fill in points not covered here. The 
follOwing is a list of questions on which further analytical and experimental 
work is recommended--
lQ Computation of moments in interior,edge, and corner panels 
with values of alb, Sa' and Sb not covered in the analyses in Chapter II in 
order to obtain moments for a full range of beam stiffness for panels ~th 
alb other than 1. 
2. Analysis of the effect of column restraint on the magnitude 
and distribution of live load moments, edge panel moments, and' corner panel 
moments. 
3. Analysis. of the effect of size of column or column capital, 
size and thickness of drop panels, and ~dth of beam stems on the distri-
bution and magnitude of beam. and slab moments. 
4. Analysis of the magnitude and distribution of moments due to 
concentrated loads. 
5. Analytical and experimental studies of the location of lines 
of contraflexure and permissible cut-off points. 
6. Analysis of the distribution of shear in the slab and beams. 
7 . Analytical and experimental studies of the relative effe.cti ve 
stiffness of the beam and slab in reinforced concrete beam and slab floor 
systems. 
8. Experimental st~dies of the effect of the interaction of the 
slab and beam. on the action of the slab near a beam. 
9. Experimental studies of the yield load capacity of slab and 
beam floor systems and of the yield strength of the slab as compared to 
that of the structure 0 
10. Analytical and experimental studies of the effect of torsional 
stiffness of beams on moment and the effect of torsional moments on beam 
strength. 
11. Analytical and experimental studies of the effect of unequal 
size panels on the distribution and magnitude of beam and slab moments" 
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Vlo SUMMARY AND CONCLUSION 
The objective of the studies reported he~ein was to develop means 
by which reinforced concrete floor systems composed of slabs and beams sup-
ported at beam intersections by columns could be analyzed and designed by 
the same procedure irrespective of the stiffness (or presence or absence) 
of the beams. The approach to thi s problem has been made in three steps ~ 
1) Elastic analyses of interior) edge) and corner panels of reinforced concrete 
beam and slab floor systems having relative beam stiffnesses from 0 to 00) 
ratios of length to width of panel from 005 to 2, and uniformly distributed 
loads placed on. all panels for dead load moments and on certain groups of 
panels for maximum live load moments 0 These studies are reported in Chapters 
II and IV. 2) Analyses of the limiting load capacity of reinforced concrete 
beam and slab floor systems with particular emphasis on the capacity of the 
slab relative to the capacity of the slab and beamo These studies were made 
using the yield line theory and are reported in Chapters III and IV. 3) 
Correlat,ion of the result,s of elastic and yield line analyses leading to 
recommendations for design moments for interior; edge} and corner panels of 
reinforced concrete beam and slab floor systems 0 These studies are reported 
in Chapter s IV and V 0 . 
The elastic analyses; based on moments computed for interior panels 
with various ratios of length to width and various relative beam stiffnesses) 
are exact solutions wi thin the limit,s of the assumptions made and degree of 
precision used in computationso MOments in edge and corner panels were com-
puted by use of difference equations and are approximate in that respect. 
Moments were computed at midspan and at the edges of panels 0 Beam moments at 
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midspan and over the columns and unit slab moments at the center of the panel, 
at midspan along column lines, across the edge of the panels midway between 
columns, and across tne column are given in Chapter II, but major emphasis 
has been given to beam moments and slab strip moments for posi ti ve and nega-
ti ve middle and column strips. The effects on moments of the properties of 
the panels selected as variables, alb, Sa' and Sb' are presented in both 
figures and: tables 0 Two sets of moments are gi ven--one set for uniform load-
ing on all panels, corresponding to dead. load, and another set for uniform 
loading on certain groups of panels, corresponding to live loads placed to 
produce maximum moments.. Comparisons 'Were made of moments in interior panels 
with those in edge, corner, and institutional plan panels. A summary of the 
elastic analyses presented in a form more suitable for design purposes is 
gi ven in Chapter IV. 
The analyses of the limiting load capaci ty of beam and slab floor 
systems presented in Chapters III and IV are based on yield line a.na.lyses of 
slabs supported on four edges and of slab and beam structures. The required 
yield moments (or minimum yield loads) of panels supported on four edges are 
presented in both figures and tables, illustrating the effects on required 
moment resistance of ratio of panel length to panel width, ratio of moment 
resistance in direction of the span considered to moment resistance in the 
perpendicular direction, and ratio of negative to positive moment resistance. 
A number of miscellaneous studies were made of the effects on required moment 
res~stance of corner levers, concentrated column reactions, reinfo~cement 
,distribution and cut-off reinforcement 0 Particular emphasis -'Was given to the 
.study of slab strength as compared to panel strength. Results of these studies 
are presented in C.hapters III and IV· giving minimum slab strengths necessary 
to assure joint action 'With the beams at limiting loads .. 
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The recommendations for design moments and design procedure given 
in Chapter V are largely based on the results of the elastic analyses with 
recommendations for minimum slab strength and cut-off points for reinforce-
ment based on the results of yield line analyses. Several of the recommenda-. 
tions are based on results of analyses of continuous beams because of the 
limi ted number of analyses made of structures with unequal panels or columns 
restraining rotation at sup:ports 0 The principal reconnnendations cover the 
computation of the total design moment for the panel, the relative stiff-
nesses of the beams and slab, the effect of column stiffness on panel moments, 
the effect of unequal panels on moments, the distribution of moment to beam 
and strip sections, the minimum portion of total moment for which the slab 
should be designed, and the distribution of unequal moments at panel edges. 
The basic recommendation is that the design moments in a slab and beam floor 
system be moments obtained by apportioning the total panel moment to the. 
beam and strip sections, with the apportionment depending on the loading and 
the properties of the structure. 
In conclusion, the follo~ng remarks are made to emphasize those 
results of the analyses reported herein which are believed to be most 
applicable to the design of reinforced concrete slab and beam floor systems~ 
1. The slab and beams act jointly in resisting the moments in a 
panel; only in panels with very stiff beams is there a possibility of 
separate action of the slab as a slab supported on four edges 0 
20 The moments in a structure composed of a slab with no beams, 
very stiff beams, or beams of intermediate stiffness may be determined by 
the same procedure--the apportionment of a total panel moment to the various 
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be8l11 and strip sect,ions, 'With the apportionment being primarily a function 
of the relative stiffnesses of the slab and beams, and the tota.l panel moment 
being primarily a. function of the loading 0 
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TABLE 1 
l~MENT~' IN A' UNIFORMLY LOADED PANEL CONTnruOUS IN ALL DIRECTIO~S 
A1l panels loa.ded; ill panels alike; moments in . .! direetiOri, 
(From moments computed by Sutherland) , 
alb Sa Sb -l'\b M2b -M1 ' M2 ' -M3 M4 -lllJ. m2 
- -Mr Mr ~ Mr Mrr Mrr nLt, lIlt 
0 .. 5 eo • .. 220 , .. 133 .134 .. 054 .. 313 · .. 147 0 0 
0 .. 5 1 1 .333 .. 167 .167 .083 .. 167 .083 .333 .167 
0 .. 5 0 0: 0 0 .621 .. 2S9 .049. . .044' eo jl' ..882 
0.8' '. .. .354 .212 .. 076 .. -027 .,237 .094 d' 0 O.B 1 1 .333 .'.167 .167 .083 : .. 16'7 '.083 .. 333 .. 167 
0.8 0 0 0 0 .551 .231 .115 .103 GO .557 
1.0 eo 01:1 .434 .257 .. 053 .. 016 .~179 .060 0 0 
1.0 eo ~. 5.0 .. 462 .. 266 .048 .01.4 .157 .. 053 0 0 
1.0 CIa 2.0 .494 .. 277 .042 .012 .l32 .044 0 0 
1.0 m 1.0 .529 .. 289 ·.035 .010 .104 .035 0 0 
1 .. 0 .. ' 0.5 .567 .302 .026 .CXJ7 .. 073 .. 025 o . ' 0-
1.0 CD 0 .667 .. 333 0 0 0 0 .0 0 
1.0 5 .. 0 .. .. 381 .. 223 .087 .. 036 ' .. 199 .. 074 .076 .045 
1.0 5.0 5.0 .408 .. 232 .083 .035 .. 176 .. 066 .0S2 ..046 
1 .. 0 5 .. 0 2 .. 0 '.438 .24? .. 078 .. 034 .150 .. 058 .G88 .. 048 
1.0 5.0 1 .. 0 .471 .252 .. 073 .032 .122 .. 049 .. 091J, .050 
. 1.0 5.0 0 .. 5 .. 510 .264 .066 .030 .. 091 .. 039 .. 102 .053 
1 .. 0 5.0 0 .. 611 .. 294- .038 .. 025 .. 016 .. 015 ... 122 .. 059 
1.0 2 .. 0 @O .. 323 .186 .124- .058' .. 220 ' .089 ~ .. 162 .. 094 
1 .. 0 2.0 5.0 .347 .. 195 .122 .058 .. 197 .. 082 .174 .. 097 
1.0 2 .. 0 2.0 .375 .202 .120 .. '057 .172 .074 .188 .101 
1.0 2 .. 0 1.0 .4C17 .212 .116 .056 .• 143 .. 065 .204 .106 
1 .. 0 2 .. 0 0.5 .. 445 .. 222 .111" .056 .lll .056 .222 .111 
1.0 2.0 0 .545 .248 .• 087 .054- .. 035 .. 032 .. 272 .124 
1 .. 0 1.0 
-
.. 257 .. 146 .166 .. 082 .244 ~lO5 .257 .. 146 
1.0 1.0 5.0 .. 279 .. 152 .. 167 ,,082 .221 .099 .. 279 .. 152 
1 .. 0 1.0 2.0 .304 .15,9 .167 .. 083 .. 196 .. 092 .• 304 .159 
1 .. 0 1 .. 0 1 .. 0 .. 333 .. 167 .167 .. 083 .. 167 .083 .. 333 4167 
1.0 1.0 0.5 ~368 .. 175 .. 165 .084 .. 134 .. 074 .. 368 .. 175 
1.0 1.0 0 .465 ,,198. .. 146 .085 .056 .. 051 .465 .197 
1.0 0.5 
-
.184 .. 102 .21.3 .108. .. 270 .124 .. 368 .. 204 
1.0 . 0.5 5.0 .. 202 .106 .217 .109 ,!247 .118 .403 .212 
1.0 0.5 2 .. 0 .222 .lll .222 .. 1ll .. 222 .. lll .. 4U .. 222 
1.0 0.5 1.0 .. 246 .117 .227 .ell3 .. 193''',,104 .• 494 .233 
1 .. 0 0 .. 5 0.5 .276 .123 .22<,9' .. ll6 .161 .095 .553 .246 
1.0 0.5 ' 0 .. 364 .139 .. 221 .. 1.21 .. 002 .. 073 .. 727 .. 279 
1 .. 0 0 ... 0 0 .333 .167 .. 333 .167 .667 .333 
1 .. 0 0 5 .. 0 0 0 .355 .. 171 .31.2 .. 162 .765 .347 
-m3 
lllt 
.663 ' 
.333 
.. 035 
.530 
.333 
.. 157 
.. 410 
.. 356· 
.297 
.233 
.. 162 
0 
.. 442-
.388 
.3028 
.. 262 
.. 190 
.. 024 
.. 479 
.423 
.362 
.296 
.222 
.052 
.519 
.463 . 
.401 
.. 333 
.. 258 
,,083 
.. 562 
.506 
.. 444 
.375 
.300 
.. 119 
.667 
.611 
lniJ. 
~ 
.323 
.167 
.035 
.216 
.. 167 
.152 
.141 
.123 
.103 
.082 
.. 057 
0 
.166 
.148 ' 
.. 128 
.. ,.108 
.. 083 
.. 025 
.. 192 
.. 175 
.. 156 
.. 135 
.111 
·.053 
.222 
.. 206 
.188 
.. 167 
.143 
.085 
.. 255 
.. 240· 
.. 222 
.202 
.180 
.. 123 
.. 333 
.. 321 
TABLE 1 (Continued) 
l\IDMENTS IN A UNIFORMLY LOADED PANEL, CONTINUOUS DJ ALL DIRECTIONS 
All panels 'loaded; all panels alike; moments in.! direction I 
(From'moments computed by Sutherland) 
alb Sa Sb ...:Nlb M2b ' -~rl M2 
-
IvI3 11"~ -rIlJ. m2 -m3 ffiL. 
- --MT ' Mr 1v~ _ Iv!T Mr' MT Int IIl.t, Int Int 
1 .. 0 0 2 .. 0 0 0 .. 377 .. 176 .. 288 .. 158 .884 .. 36L. .. 547 ' .. 306 
1 .. 0 0 1.0 0 0 .. 406 .. 181 .. 260 .152 1 .. 030 .383 .477 .. 289 
1.0 0 0.5 0 0 .. 438 .. 187 .229 .146 1 .. 220- .L106 .398 .270 
'- 1.0 0 0 0 0 .515 .. 204 .152 .129 co .. 458 .238 .221 
1 .. 25 co 
-
' .. 506 
.. 294 .0)6 .008 .. 124 .. 031 0 0 .. 286 .074 
1 .. 25 1 1 .333 .167 !,167 -.083 .167 .. 083 .. 333 .. 16.7 .-333 ",167 
1 .. 25 0 0 0 0 .. 481 ' .. 185 .. 185 .148 • .394, ~316 ~276 
2 .. 0 eo co .. 603 .330 .. ell. .. 001 .. 049 , .. 003 0 0 .115 .. 008 
:~ .. O 'I 1 .. 333 .. 167 .167 .. 083 .167_ .083 .333 .167 .. 333 .167 
2 .. 0 0 0 0 0 .. 426 \' .. 169 .. 240 .165 • .. 340 .. 41+6 .. 340 
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TABLE 2 
MOMENTS IN A UNIFORMLY LOAPED PANEL S D1PLY"';'SUPPORTED ON ALL EDGES 
alb M2 -M4 .~ 
MT Mrr mt 
0.5 0.163 0.356 0 .. 771 
0 .. 8 0.086 0.203 0.lJ.+8 
1.0 0.056 0 .. 133 0.294 
1 .. 25 0 .. 032 O.(J77 0.171 
2.0 0.006 0.016 0.035 
loB 
TABLE 3 
LIVE LOAD 1-fOMENTS IN A UNIFORMLY LOADED· SLAB 
OTHER PANELS LOADED IN CHECKER BOARD FASHION 
StriE Moments Slab Moments 
alb Sa Sb -1{1 H2 -M3 !:1t -ml m2 -m3 ~ 
MT Mr Mr- MT lnt ·Int lilt rot 
0.5 ,CICI· 00 .067 .10B .156 .252 0 0 .332 .. 547 
0!»5 1 1 .083 .123 .. 083 .. 220 .167 .. 083 .167 .. 46~ 
6.5 0 0 .310 .226. .023 .200 CIC .441 .. 018 ..4QJ.' 
0.8 co 01) .038 .056 .118 .. 148 0 0 .265 .. 33.2 
0.8 1 1 .083 .084 .083 .. 143 .167 .. 083 .167 .308 
0.8 0 0 .276 .. 158 • 058 .153 • .278 .078 . .300 
1 eo .~ • 026 .036 .090 .096 0 0 .205 .218 
1 
-
.5 .024- .'035 .CJ78 .093 0 0 .178 .208 
1 ..- ·,2 .021 .034 .066 .088 0 0 .148 .198 
1 ... 1 .018 .033 . .052 .084 0 0 .. 1l6 .188 
1 ClIO 0.5 .013 .032 .036 .Cf19 0 0 .osl' ,,176 
1 C!O 0 0 ,.-028 0 .066 0 0 0 ;,;147 
1 5 em • .044- .046 .100 .. 104 .• 038 .. 022 .221 :-230 
1 5 5 .042 .. 046 .. 088 .100 .. 041 .. 023 .. 194 .. 221 
1· 5 2 .039 .. 045 ' .075 • 096 .044 .. 024 .164 . f00211 
1 5 1 .036 .044- .061 .. 091 .. 047 .. ·025 .. 131 ,.,201 
1 5 0.5 .033 .. 043 .. 046 .. 086 .. 051 .. 026 .095 ' .. 188 
1 5 0 .. 019 .. 040 .. 008 .. 074- .. 061 .030 .012 ~160 
1 2 .. .062 .057 .110 .111 .081 .047 .240 .. 243 
1 2 5 .061 .057 .098 .108 .o?!? .048 .. 212 .i34 
1 2 2 .060 .. 056 .086 .104 .094 .050 .181 .425 
1 2 '1 .058 .056 .072 .099 .102 .053 .148 .214 
., I") 0.5 .056 f"\t:L f"\t:L .09L.. .lll f"\t: L ", ")(V) .J.. tit;. .v/u , .v/u .v/u • ...L..L..I.. ..... v .... \ 
-.1 2 0 .044 .055, .018 .082 .136 ,.062 .. 026 .174 
1 1 
-
.083 .06(1" .. 122 .119 .128 :073 .260 .258 
1 1 5 .083 .069 .110 .116 .140 ' .076 .232 .250 
1 1 2 .083 .070 .. 098 .112 .152 .080 .200 ,,.,241 
'1 1 1 .. 083 JY7() _n~~ .. 108 .167 -~~ _11-,7 '?~() .'OJ,,,,", ." ...... "", W''''''"''-' " .... "'. ..... .",-.w; 
1 1 0 .. 5 .082 .070 .067 .104 .184 .088 .. 129 .218 
1 1 0 .. 073 .Cf10 .028 .092 .. 232 .098 .042 .190 
1 0.5 .. .. 106 .082 .. 135 .128 .184 .. 102 .281 .274 
1 0 .. 5 5 .108 .082 .124 .126 .. 202 .106 .253 .267 
1 0 .. 5 2 .111 .084 .. 111 .122 .222 .. 111 .222 .258 
1 .0.5 1 .114 .084 .096 .11B .247 .116 .188 .as 
1 0.5 0.5 .. ,114 .oB6 .080 • ill.. .276 .123 .150 .237 
~ 0.5 0 .. 110 .088 .. 041 .. 103 .. 364 .140 .060 ') .. 20B 
1 0 • .167 .111 .. 167 .. 150 .333 .. 167 .. 333 .. ~314 
1 0 5 .. 178 .. 114. .. 156 .14.8 .. 382 .174 .-306 . .. 308 
1 0 2 .. 188 .. 116 .. 144 .146 .. 4.42 '.182 .214 .300 
1 0 1 .. 203 .118 .. 130 .142 .515 '.192 .438 .292 
1 0 Ol5 .219 .. 122 ' .ll4 .140 .610 .. 203 .199 .. 2B2 
1 0 0 .. 258 .130 .. (J76 .131 co, .. 229 .1l9 .258 
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TABLE 3 (Continued) 
LIVE LOAD MOMENTS IN A UNIFORMLY LqAUED SLAB 
OTHER PANELS LOADED IN CHECKER BOARD FASHION 
StriE Moments ".:.;.,- Slab Moments 
alb Sa Sb -Ml M2 -M3 M4 -m:l m2 -m3 m4 
-MT Mr MT MT mt mt IDt mt 
1.25 fIIID GO .018 .020 .• 062 . .• 054 0 0 .ll3 .122 
1.25 1 1 .083 .. 058 .083 .080 .167 .. 083 .. 167 .. 169 
1.25 0 0 .240 .108 .092 .lt2 .eo .197 .. 108 .. 224 
2 .. 0 eo to .007 .. 004 .024 .010 0 0 .058 .022 
2.0 1 1 .083 .044- .083 .050 .. 167 .083 .167 .. 101 
2.0 0 ·0 .213 .088 .. 120 .090. • .. 170 .223 .188 
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TABLE 4 
HOME~rrs IN A UNlFOm.1LY LOADED PAr-{EL SIMPLY-SUPPORTED 
ON f1Ibn EDGES AND CONTINUOUS OVER BEAMS AT "a" EDGES 
ti/b S a M2b M2 H4. IllQ m4 
MT MT Mr mt, rot 
0.5 '-eo 0.63 0.09 0.28 0 0.64 
0.5 .. 1 0.38* 0.23* 0.37* 0.41* 0.78* 
0.5 a 0 0.50 0.50 1.00 1.00 
0.8 CIO 0.86* 0 .. 03* 0.10* o. 0.25~C. 
0.8 ,I 0.4.6* 0.23* 0.29* 0.47* 0.61* 
0 .. 8 0 0 0.50 0.50 1.00 1.00 
1.0 . ~ 0.93 0.01 0.05 0 0.13 
1 .. 0 5 '0 .. 79-r.- 0.07* 0 .. 13* 0.16* 0 .. 27* 
1.0 2 0.64* 0.15* 0.20* 0 .. 33* 0.41* 
1.0 1 0.48~~ 0.23i~ 0 .. 2'7* 0.49* 0.55* " 
1.0 0.5 0.33 0.32 0.35 0.65 0 .. 69 
1 .. 0 0 0 0.50 0.50 1.00 1 .. 00 
1.25 iI!IO 0 .. 97~- 0.00* 0.02~- 0 0.06* 
1.25 1 0.49-'A- 0.23* 0.26* o. 5O-~ 0.52* 
1.25 0 a 0.50 Q.50 1.00 1.00 
2.0 00 1.'00 0.00 0.00 0 0.00 
2.0 1 0.50* 0.25* 0.25* 0.50* 0.50* 
'2.0 0, 0 0.50 0.50 1.00 1.00 
*Interpo1ated values 
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TABLE 5 
MOHENTS IN A UI'JIFOID~Y LOADED PANEL CONTINUOUS 
OVER "bit BEA¥S AT\TD SIr·TLY-SUPPORTED ON Han EDGES 
alb Sb -HI M2 -}f3 H4 -m3 mL.. 
--11T MT HT Hr rot mt 
0 .. 5 . , 0 .. 17 0.08 0.36 0 .. 17 0 .. 67 0.33 
0.5 1 0 .. 10* 0.05* 0 .. 18~;' 0~08* 0.33-r.- 0 .. 17-;{-
0.5 0 0 0 0 0 0 0 
0.8 0'} 0 .. 14* 0 .. 06* 0 .. 31~- 0.13-;~ o. 62~~ O.28-}*" 
0.8 1 o. 08-~- 0 .. 04.J~- 0 .. 15.Jk O .. O6-}~ 0.31* O .. 14{~ 
0 .. 8 0 0 0 0 0 0 0 
1 .. 0 00 0 .. 12 0 .. 05 0 .. 26 0.10 .0 .. 56 0 .. 23 
1.0 5 0.·1~- 0 .. 04* 0 .. 22~- 0.09~1.. 0.46-).(. . o .19-~~ 
1;0 2 0.·08-1~- O .. OL.* 0 .. 18~- . 0.07* 0.37* 0.15~-
1 .. 0 1 0 .. 07~- 0 .. 03~· O~lJ* 0 .. 05* 0 .. 28-~ 0 .. 12~-
1 .. 0 0 .. 5 0.05 0 .. 03 0 .. 09 O.OL~ 0.18 0 .. 08 
1 .. 0 0 0 0 '0 o. 0 0 
1 .. 25 .. 0.09~~ 0.04-;~ 0.21* 0 .. (J7-1~ 0 .. 47* 0.17* 
1.25 1 0.06~l- 0 .. 02~~ 0.117t- 0.04?t- o. 24 ~~- O.09-)r 
1.25 0 0 0 0 0 0 '0 
-2 .. 0 CID 0.05 0.01 O.ll 0 .. 02 0.24 0.05 
2.0 1 0.03* . 0.00 0 .. 07~- o. 01-~~ 0 .. 11+-::- 0.03~-
2.0 0 0 0 0 0 0 0 
*Interpolated values 
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TABLE 6 
LIVE LOAD MOHENTS IN A UNIFORMLY LOADED INTERIOR 
PANEL - ALTERNATE RQ\vS LOADED IN ftbff DIRECTION 
alb Sa Sb -NIb M2b -Ni Ivr2 -1-13 M4 . -ml In2 -m3 rn4 
HT NT 1''T 1" ' 'T NT HT Int rnt mt IIlt 
0 .. 5 co co 0.~1 0.38 0.07 0.07 0.16 0.21 0 0 0 .. 33 0.L.8 
0.5 1 1 0 .. 17 0 .. 27 0.08 0.16 0 .. 08 0.23 0 .. 17 0 .. 29 0.17 0.47 
O-~J5 0 0 0 0 0 .. 31 0 .. 39 0 .. 02 0 .. 27 ClO 0 .. 94 0 .. 02 0 .. 52 
0 .. 8 co em 0 .. 18 0 .. 5h 0 .. 04 0.03 0 .. 12 0.10 0 0 0 .. 26 0.23 
0 .. 8 1 1 0.17 :0.31 0.08 0 .. 16· 0 .. 08 0.19 0.17 0 .. 32.' 0 .. 17 .0 .. 39 
0.8 0 0 0 0 0.28 0.37 0 .. 06 0 .. 30 co 0.78 0.08 0,l5.8 
1.0 co eo . 0 .. 22 0 .. :59 0.03 0.01 0 .. 09 0 .. 06 0 0 _-0.20 O .. ll 
1 .. 0 co 5 0.23 0.60 0.02 0.01 0.08 0.05 0 0 6£18 0.13 
1.0 00 2 0.25 0.60 0.02 0.01 0 .. 07 0 .. 05 0 0 0~115 0 .. 12 
1.0 Co 1 '0.26 0.61 0.02 0 .. 01 0 .. 05 O.OL. 0 0 0.12 O;'ll 
1.0 eo. . 0.5 0.28 - 0 .. 62 0.01 0 .. 01 0.04 0.01. 0 0 0 .. 08 0 .. 09 
1.0 . eo 0 0.33 0 .. 63 0 0 .. 00 0 0.02 0 0 0 0 .. 06 
1.0 5 eo 0 .. 19 0.51 0.01!. 0.05 0.10 0 .. 10 O.OL:. 0 .. 10 0.22 0 .. 22 
1 .. 0 5 5 0.20 0.51 0.04 0.05 0.09 0 .. 10· O.OL~ 0.10 0.19 0.21 
1 .. 0 5 2 0.22 0.52 0 .. 04 0.05 0 .. 08 0.09 O.OL,. 0.10 0.16 0 .. 20 
1 .. 0 5 1 O .. 2L. 0 .. 52 O.OL~ 0 .. 05 0 .. 06 0 .. 09 0 .. 05 0 .. 10 0.13 0.19 
1.0 5 0 .. 5 0 .. 26 0 .. 53 0 .. 03 0.05 0.05 0 .. 08 0 .. 05 0 .. 11 0 .. 10 0 .. 18 
1 .. 0 5 0 0.31 0.5t. 0.02 0.05 0 .. 01 0 .. 07 0.06 0 .. 11 0 .. 01 0.15. 
1.0 2 IIIQ 0.16 O.L.l 0 .. 06 0.10 0.11 0.1L. 0.08 0 .. 21 0 .. 24 0 .. 30 
1 .. 0 2 5 0 .. 17 0 .. 42 0 .. 06 0.10 0.10 O.ll 0.09 0.21 0.21 0.29 
1 .. 0 2 ,..., 0 .. 19 0.42 0 .. 06 0.10 0 .. 09 O .. ll 0.09 0.22 0.18 0.28 "'-
1 .. 0 2 1 0 .. 20 0.43 0.06 0 .. 10 0 .. 07 0.13 0.10 0 .. 22 0 .. 15 0.27 
1.0 2 0 .. 5 0.22 0.43 0.06 0.10 0.06 0.13 0 .. 11 0.22 0.11 0 .. 26 
1 .. 0 2 0 0 .. 27 0.44 0 .. 04 0.10 0.02 0.12 0.14 0.23 0.03 0.23 
1 .. 0 1 810 0 .. 13 0.31 . 0.08 0 .. 16 0 .. 12 0 .. 19 0.13 0.32 0 .. 26 0.39 
1 .. 0 1 5 O.ll 0 .. 32 0 .. 08 0.16 0 .. 11 0 .. 18 O.li .. 0 .. 32 0 .. 23 0 .. 38 
1 .. 0 1 2 0.15 0 .. 32 0.08 0.16 0 .. 10 0 .. 18 0.15 0 .. 32 0 .. 20 0 .. 37 
1.0 1 1 0 .. 17 0.32 0 .. 08 0 .. 16 0 .. 08 0.18 0.17 0.33 0 .. 17 0.]6 
1.0 1 0.5 0,,18 n_11 0 .. 08 0.16 O.(J7 n 1 '7 0.18 0.33 0.13 0 .. 35 - ... .",.; '-' • ...a..; 
1.0 1 0 0.23 0.34 0 .. 07 0.16 0.03 0.16 -0.23 0 .. 34 0 .. 04 0.32 
1 .. 0 0.5 co 0.09 0.22 O .. ll 0.21 O.ll 0 .. 2LI- 0.18 O.La 0.28 0.47 
1.0 0 .. 5 5 0 .. 10 0 .. 22 0 .. 11 0.21 0.12 0.23 0 .. 20 0 .. 43 0 .. 25 0 .. 46 
1 .. 0 0 .. 5 2 0 .. 11 0 .. 22 0 .. 11 0.22 0.11 0 .. 23 0 .. 22 0.4.4 0.22 0.46 
1 .. 0 0 .. 5 1 0.12 0 .. 22 O.ll 0.22 0.10 0 .. 23 0.25 0.44 0.19 ·-q.45 
1.0 0 .. 5 0 .. 5 O .. lL 0 .. 23 0 .. 11 0 .. 22 0.08 0 .. 22 0 .. 28 0.45 ' 0 .. 15 -Q~44 
1 .. 0 0 .. 5 0 0 .. 18 0 .. 23 0 .. 11 0.22 0.01 .... 0.21 0 .. 36 0.1 .... 6 0 .. 06 0.41 
160 0 ClO 0 0 0.17 0 .. 33 0 .. 17 0 .. 33 0.33 0.67 0 .. 33 0.67 
1 .. 0 0 5 0 0 0.18 0.3L ... 0 .. 16 0 .. 33 0 .. 38 0.67 0.31 0 .. 66 
1.0 0 2 0 0 0 .. 19 0 .. 34 0 .. 14 0 .. 33 0 .. 44- 0 .. 68 0 .. 27 0 .. 65 
1.0 0 1 0 0 0 .. 20 0 .. 34 0 .. 13 0.33 0.52 0.69 0.24 0.64 
1.0 0 o r::. "", 0 0 0.22 0 .. 34 0.11 0.32 0 .. 61 0.70 0~20 0.64 
1.0 0 0 0 0 0.26 0 .. 35 0 .. 08 0.31 co 0.73 0~12 0 .. 61 
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TABLE 6 (Cont.inued) 
LIVE LOAD MOMENTS IN A UNIFORMLY LOADED INTERIOR 
PANEL - ALTERNATE RO\vS LOADED IN UbU DIRECTION 
alb Sa Sb -t':lb H2b .... Hl M2 -H3 lvI4 -m1 m2 -m3 m4. 
NT HT MT }~ HI' NT . mt mt- mt mt 
1.25 CIO go 0.25 0.63 0.02 0.00 0.06 0.03 . 0 0 0.14 0.07 
1.25 1 1 0.17 0.33 0.08 0.16 O.OS- 0.17 0.17 0.33 0.17 0.34 
1.25 0 0 0 0 0.24 0.34 0.09 0.32 eo 0.70 0.16 0.64 
2.0 eo ClIO 0.30 0.66 0.01 0.00 0.02 0 .. 00 0 0 0 .. 06 0.00 
2.0 1 1 0 .. 17 0 .. 33 0 .. 08 0 .. 17 0 .. 08 0 .. 17 0 .. 17 0 .. 33 0 .. 17 0 .. 33 
2.0 0 0 0 0 0 .. 21 0 .. 33 0.12 0 .. 33 go 0 .. 67 0 .. 22 0.67 
llll. 
TABLE 7 
LIVE LOAD HOMENTS n~ SLAB OF A UNIFORMLY LOADED INTERIOR 
PANEL - ALTERNATE RO~lS LOADED IN "an D~CTION 
alb Sa So -1-~ M2 -M3 M4 .... m:t ~ -m3 m4 
- ---1~T MT Mtr Mr D1t lnt, Int 1Dt, 
0.5 ClC> tliO 0.15 0.07 0.34 0 .. 16 0 0 0.67 0.331 
0 .. 5 1 1 0 .. 13 0.07 .0.17 0 .. 08 0.17 0.08 0.33 0.~7 
0.5 0 0 0 .. 31 0 .. 14 0 .. 02 0.02 ·00 0 .. 44 0 .. 02 O. ~, 
0 .. 8 ·00 eo 0.11. 0 .. 04 0 .. 27 0.11 0 0 0.58 0.25 
0.8·, 1. 1 0~12 0 .. 06 0 .. 16 0.07 0.17 0 .. 08 0.32 0.15 
0.,8 0 0 0.28 0 .. 12 0.06 0.05 ., '0 .. 28 0.08 0 .. 08 
1.0 ,. ell) 0.09 0.03 0 .. 22 0.04 0 0 0.48 0.19 
1 .. 0 CIO 5 0 .. 07 0 .. 03 0.19 O.a? 0 0 0 .. 41 0.16:· 
, 1.0 CIO 2 0.06 0.03 0.16 0.06 0 0 0.33 0.13 
1.0 ,Il10 1 0.05 ·0.02 0.12 0.04 a 0 0 .. 26 0.10 
1 .. 0 «lID 0.5 0.04 0.02 o.os' 0 .. 03 0 0 0.17 O.CJ? 
1.0 II» 0 0 0 0 0 0 0 a a 
1.0 5 tliO 0 .. 10 0.04 0 .. 23 0.09 0 .. 04 0 .. 02 0.50 0.20\ 
1.0 5 5 0.09 '0.04 0.20 0.08 0.04 0 .. 02 0.42 . 0.17' 
1 .. 0 5 2 0.08 0.04 0.16 0.06 0.04 0.02 0.35 0.14 . 
1.0 5 1 0.07 0.03 0.13 0 .. 05 0.05 0 .. 02 . 0 .. 27 'O~ll_ 
1.0 5 0 .. 5 0.06 0 .. 03 0.09 0.04 0.05 0 .. 03 0 .. 18 0.08 . 
1.0 5 0 0.02 0 .. 01 0.01 0.01 0 .. 06 0.03 0 .. 01 O.\Ql 
1.0 2 co 0.12 0.05 0 .. 24 0.09 0.08 0.05 0.52 9~21 
1.0 2 5 O.ll 0.05 0.21 d .. 09 0 .. 09 0 .. 05 0.44 "0.18 
1.0 2 2 0 .. 10 0 .. 05 0.18 0 .. 07 0 .. 09 0.05 0.37 . 0.15 
1.0 2 1 g .. 09 0.04 0.14 0.06 0.10 0.05 0.29 0.13 
1.0 2 0.5 0.08 0.04 0.10 0.05 0.11 0.06 0.20 0.10 
1.0 2 0 0 .. 04 0.03 0.02 0.02 0.14 0.06 0~03 0 .. 03 
1.0 1 
-
'0 .. 14 0.07 0.25 0.10 0.13 0.07 0.54 0.23 
1.0 1 5 0.13 0 .. 06 0.22 0 .. 09 0.14 0.08. 0.ft6 0.20 
1 .. 0 1 2 0 .. 12 .0.06 0.19 0 .. 08 0 .. 15 0 .. 08 0.3~· 0.17 
1 .. 0 1 1 0 .. l2 0 .. 06 0.15 0.(J7 0.17 0.08 0.31 \/SJ .. ll 
11.0 . 1 0.5 0.11 0.06 0 .. 11 0.06 0.18 0 .. 09 0.22 O .. ll 
1.0 1 
° 
0.07 0 .. 04 0.03 0.03 0.23 0.10 0.04 0 .. 04 
1.0 0.5 • 0.17 0 .. 08 0 .. 26 O.ll 0.18 0.10 0.56 0 .. 24-
1 .. 0 0.5 5 0.16 0.07 0 .. 23 0.10 0.20 0.11 0.48 0.22 
1.0 0 .. 5 2 0.15 0.08 0.20 0.09 0 .. 22 0.11 0 .. 41 0.19 
.. 1 .. 0 0 .. 5 1 0.15 0.07 0 .. 16 0 .. 08 0 .. 25 0 .. 12 0 .. 33 0.16 
1 .. 0 0 .. 5 0 .. 5 .0.14 0.07 0.13 o .. m 0.28 0 .. l2 0.24 Q/.13 
1.0 0 .. 5 0 0.11 0 .. 06 0.04 0.04 0 .. 36 0.14 0.06 0 .. 06 
1.0 a 
-
b .. 23 0 .. 11 0 .. 30 0.13 0 .. 33 0 .. 17 0.61 0 .. 28 
1 .. 0 0 5 0.23 O .. ll 0 .. 27 0.13 0.38 0.17 0 .. 54 0 .. 26 
,I 
1 .. 0 0 2 0 .. 23 0 .. 11 0.23 0.11 0 .. 44- 0.18 0.46 0 .. 23 
1.0 0 1 0~24 0.11 0 .. 20 0.10 0 .. 52 0.19 0 .. 38 'o.~;20 
1.0 0 0.5 0.24 O.ll 0.16 0 .. 09 0 .. 61 0.20 0.29 0;18 
1 .. 0 0 0 0.26 0.10 " 0.08 0 .. 06 ' 80 0.23 0.12 o.li .. 
liS 
TABLE 7 (Continued) 
LIVE LOAD NOHENTS n~ SLAB OF A UNIFORMLY LOADED INTERIOR 
PANEL - ALTERNATE ROWS LOADED IN "au DIRECTION 
alb Sa Sb -l .. ~t H2 -?vI3 Ml~ -IUJ. m2 -m3 m4 
E'l' HT HT NT m. v mt mt ffit 
1.25 .. co 0 .. 06 0.02 0.17 0 .. 05 0 0 0.38 0.12 
1.25 1 1 0.11 0.05 0.14 0.06 0.17 0 .. 08 0.29 0.13 
1.25 0 0 0.24 0 .. 09 0 .. 09 0.07 eo 0.20 0.16 OolL 
2.0 00 co 0.03 0.01 0 .. 08 0.01 0 0 0 .. 18 0.03 
2 .. 0 1 1 0 .. 10 0.04 0.12 0 .. 05 0.17 0 .. 08 0 .. 2L 0 .. 10 
2.0 0 0 0 .. 21 0 .. 08 0.12 0 .. 08 GO 0 .. 17 0.22 0 .. 17 
116 
TABLE 8 
APPROXIMATE LIVE LOAD NEGATIVE MOMENTS IN A UNIFORMLY LOADED SLAB 
(Moments = 1.30 moments for all panels loaded) 
alb S' Sb -M1b v -M3 -m1 -m3 a -hI 
NT MT MT' mt mt 
0.5 ClO • 0.29 0.17 0.41 0 0.86 
0.5 1 1 . 0.43 0.22 0.22 0.43 0.43 
0~5 0 0 0 0.81 0.06 1iIID, 0.05 
O .. B eo to 0 .. 46 0.10 0.31 0 0.69 
0.8 1 1 0.43 0.22 0.22 0.43 0.43 
O.B 0 0 0 0.72 0.15 GO 0.20 
1 .. 0 Il1O GO 0.56 0.07 0.23 0 0.53 
1.0 • 5 0.60 0.06 0 .. 20 0 0.46 
1.0 co 2 0.64 0 .. 05 0.17 0 0 .. 39 
1.0 IlD 1 0 .. 69 0 .. 05 0.14 0 0.30 
1.0 co 0.5 0.74 0.03 0.09 0 0.21 
1.0 a' 0 0.87 0 0 0 0 
1.0 5 GO 0 .. 49 0.11 0.26 0.10 0.57 
1 .. 0 5 5 0.53 0.11 0.23 0.11 0.50 
1.0 5 2 0.57 0.10 0.20 0.11 0.43 
1.0 5 1 0.61 0.09 0.16 0.12 0 .. 34 
1 .. 0 5 0.5 0.66 0.09 0 .. 12 0.13 0.25 
1.0 5 0 0.79 0.05 0.02 0.16 0.03 
1.0 2 .- 0.42 0.16 0.29 0.21 0.62 
1.0 2 5 0.45 0.16 0.26 0.23 0.55 
1.0~ 2 2 D..L9 0.16 0.22 0.24 0.47 
1.0 2 1 0-.53 0.15 0.19 0 .. 27 0.)8 
1.0 2 0.5 0.5'8 O.lLJ, O.lh 0.29 ' 0.29 
1.0 2 0 0.71 O .. ll 0.05 0.35 0.68 
1.0 1 m 0.33 0.22 0.32 0.33 0.67 
1.0 1 5 0.36 0.22 0.29 0.36 0.60 
1.0 1 2 O.~.O 0 .. 22 0.25 0 .. 40 0 .. 52 
1 .. 0 1 1 O .. La 0.22 0 .. 22 0.43 0.43 
1.0 1 0 .. 5 0.h8 0 .. 21 0 .. 17 0 .. 48 0.34 
1.0 1 0 0.60 0.19 0.r::t7 0.60 0.11 
.1.,0 0 .. 5 co 0.24 0.28 0.35 0.l~8 0.7-3 
1.0 0.5 f" 0.26 0.28 0.32 0.52 0'/66 ") 
1 .. 0 0.5 2 0.29 0 .. 29 0 .. 29 0.58 0.58 
1.0 0.5 1 0.32 0.30 0.25 0.64 0.49 
1.0 0.5 0.5 0.36 0 .. 30 0.21 0.71 0.39 
1 .. 0 0.5 0 0.47 0.29 Ooil 0~94 0 .. 15 
1.0 0 to 0 0 .. 43 ,0.43 0.87 0.87 
1.0 0 5 0 0 .. 46 0.41 0 .. -99 0.79 
1.0 0 2 0 0.49 0.37 1 .. 15 0.71 
1.0 {) 1 0 0.53 0.34 1.34- ,'0.62 
1.0 0 .0.5 0 0 .. 57 0.30 1 .. 59 0.52 
1.0 0 0 0 0.67 0.20 ClO 0.31 
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TABLE 8 (Continued) 
APPROXIMATE LIVE LOAD NEGATIVE MOMENTS. IN A UNIFORNLY LOADED SLAB 
(Moments = 1.30 moments for all panels loaded) 
alb Sa Sb -B1b -Hl -H3 -IIlJ. -m3 I 
IlrT Mr NT mt mt 
1.25 «l 01) 0.66 0.05 0.16 0 0.37 
1.25 1 1 0.43 0.22 0.22 O.la O.l.a 
1.25 0 0 0 0.62 0.24 CIO 0.41 
2.0 CIO CIO 0.78 0.02 0 .. 06 0 0.15 
2 .. 0 1 1 0 .. 43 O~'22 0.22 0 .. L1.3 0.43 
2 .. 0 0 0 0 0 .. 55 0.31 00 0 .. 58 
TABLE 9 
HOMENTS IN A UHIFOF1{LY LOADED EDGE PANEL 
(All panels loaded - beam slopes zero at columns - ntoments in "aU direction) 
(a) Moments in direction perpendicular to outside edge. 
alb Sa Sb Se -H1b r-~2b e -I'll r12 b -NIb 
- ----i.~ NT r~ 1v4r p 
'T 
0.5 0 0 .5 0 0 0 .. 492 .. 362 
0.5 .. 25 1 .. 5 .214 .. 111 .228 .. 306 .. 185 
0 .. 5 • • .. .. 184 .OB6 ( .183) ( ,,06B) 
1 .. 0 0 o· .5 0 0 0 ... 524 .272 
1.0 1 1 .5 .360 .200 .. 412 .. 180 .098 
1.0 eo eo", • .. 060 .. 021 ( • 056) (.021 ) 
2.0 0 0 .125 0 0 0 .It.53 .232 
2 .. ,0 1 .. 25 .. 125 .. 36-7 .. 195 ·h52 .177 .. 096 
2 .. 0 ,. IIlO .. _._- .004 .001 
( .. 007) ( eOOl) 
~~alues-which would be infinite in exact solution 
Values in parentheses are difference equation 
va1~eB corrected to give same value of average 
moment as given by Siess and Newmark (2) for 
rigid beams. 
-H3 . H~ -m1 
·Y'T ¥ ~ mt 
.102 \228· 2.//15* 
.. 1B9 .160 ~B55 
.. 399 .. 202 0 
(.398 ) ( .. 159 ) (0) 
.. 236 .. 214 1.562* 
.. 183 .. 100 .360 
.169 .063 0 
(.158 ) (.062 ) (0 ) 
.373 .226 1.000* 
.161 .. 093 .. 367 
.. 028 .. 009 0 
( .. 048) ( .008) (0) 
m2 
e 
" '~ffiJ. -m3 
mt mt mt 
1.044 2. 575.;f- - .311 
".445 .. 912* .. 352 
0 0 .. 862 
(0 ) (0) ,- ( ,,860) 
.604 1.745* .406 
.200 "h12* .367 
0 0 .387 
(0) (0 ) (.360) 
.. 468 1,,538* .. 713 
.. 195 .. 4521f- .. 320 
:0 0 .066 
(0 ) (0 ) ( .. 112) 
~ 
~ 
mt 
.• 440 
.. 316 
.. 443 
( .. 349 ) 
.. 402 
.201 
.147 
(.144 ) 
.449 
.. 185 
.003 
( .. 003 ) 
7ABLE 9 
HOHEf'JTS I),r A UNIFOR1'lLY LOADED EDGE PA!·JEL 
(All panels loaded - beam slopes zero at columns - moments in "au direction) 
(b) Noments in direction parallel to outside edge .. 
alb Sa Se Sb '), .~ H2b -E1g ¥ 0 -;'~1 H2 -?vI3 ~-~4 'Ii 0 1~2° a -l-'lb J.2b -ill 
!"~r Nrn fIT MT ~.r 1'~ r·~ 1\1tr I'fo Mrr .I. J'T 'T 
0 .. 5 0 .125 0 0 0 .,08/1- .01.,5 .282 .151 .067 .. 053 ,,148 .075 
0 .. 5 .25 .125 1 .17h .. 089 .068 .050 .. 123 .. 068 .187 .108 ,,169 .095 
0 .. 5 CIt co ~ ,,074 .. 035 0304- ,,159 .. 086 .042 
( .. 078) (.033 ) , (.320) ( .150) ( ,,(90) ( .040) 
1.0 0 .5 0 0 0 .. 152 .081) .2h5 .116 .158 .. liO ,,090 .. 044 
1 .. 0 0 .5 1 • 338 .. 181 • ,,117 .070 .. 085 .01:7 .187 .098 .. 091 .. Ol+h. 
1 .. 0 co eo ClO .'030 .012 .188 .. 080 .048 .. 020 
( ,,03lt) (.012 ) (.216 ) ( .079) (" 055) ( .. 020) 
2.0 -0 .5 0 0 , 0 .. 17L .. 100 .162 .. 07L; .218 .. 126 .095 . ..053 
2 .. 0 1 .. 5 .. 25 .362 .188 .. lL5 .081 .087 .. 0/+7 .. 158 .088 .. 078 ' .. 041 
2 .. 0 Q1) 00 " 00 .. 006 .001 .043 .. 008 .011 .002 
(.010 ) ( .. 002) ( .. 070) (.013 ) (.018 ) (.003 ) 
~ 
TABLE 9, (Continued) 
.. 
MOMENTS IN A UNIFORJ.1LY LOADED EDGE PANEL 
(All panels loaded - beani slopes zero at columns - moments in "an direction) 
(b) Moments in direction parallel to outside edge. 
alb Sa Se a Sb -ml m2 
fit mt 
·0 .. 5 0 .125 0 2. 565-;~ 1 •. 097 
0.5 .25 .125 1 .698 .358 
0.5 • 1!lI)~ , @lID 0 0 (0) (0 ) 
1.0 . o ',' .5 0 1.'-'.92* .551 
1.0 1 .. 5 1 .338 .. 184 
1.0 GIll ClO . .. 0 0 
(0) (0) 
2 .. 0 0 .5 0 .738* .303 
2.0 1 .5 .. 25 .362 .. 188 
2 .. 0 .. eo ClO . 0 0 (0) . (0 ) 
~f\Talues which would be. infinite in exact solution. 
Values in parentheses are difference equatf.-o,n 
. values corrected to give same value. of' average 
moment as given by Siess and Newma!k (2) for 
xigid beams. -
-m3 m'-'.. 
T!1t mt 
.062 .055· 
.. 325 ·:191 
.637 .336 
(.670) ( .318) 
.251 .195. 
.. 370 .. 199 
.L..l9 .181 
( .480) ( .. 178 ) 
.. LJ.5 .. 251 
.311 .176 
.097 .019 
(~,158 ) ( .0]1) 
-ml 0 
mt 
- .672 
.543 
0 
(0) 
.304 
.235 
0 
(0) 
.;48 
.291 
0 
(0) 
.... 
ro 
0 
m 0 2 
mt· 
.. 356 
~402 
0 
(0) 
.169 
.139 
0 
(0) 
.199 
.. 162 
0 
(0) 
121 
TABLE 10 
CO~1PARISON OF EDGE PANEL MOMENTS WITH INTERIOR PANEL MONENTS 
All panels loaded 
(a) Moments indirection perpendicular to outside edge 
Panel alb Sa Sb S~ -}f1b 1-f2b -}~b -Ml H2 -H3 M4 
NT MT ~1T MT MT Mr Mrr 
~dge 0 .. 5 0 .. 25 1 0.5 0 .. 21 0 .. 11. 0 .. 23 0 .. 31 0 .. 18 0 .. 19 0 .. 16 
Interior 0 .. 5 f"I I")C , 0 .. 20 0 .. 09 0 .. 20 0.29 0 .. 15 0 .. 18 0 .. 09 v .. "",) .J.. 
Edge 1 .. 0 1 1 0 .. 5 0.36 0.20 0.41 0.18 0.10 0 .. 18 0.10 
Interior 1 .. 0 1 1 0.33 0 .. 17 0 .. 33 0.17 0.08 0.17 0.08 
Edge 2 .. 0 1 0.25 0 .. 125 0 .. 37 0 .. 20 Q.45 0.18 0.10 0 .. 16 0 .. 09 
Interior 2 .. 0 1 G ... 25 0 .. 36 0 .. 17 0 .. 36 0 .. 17 0.08 0 .. 14 0 .. 08 
*Half interior panel values. 
TABLE 11 
}'IOr~nTS n,; A Ul',:IFORKLY LOADED CORNER PANEL 
(A.ll,panels loaded - beam'slopes zero at columns - moments in "aft direction) 
alb Sa S e Sb Sbe l' e H2b -l~lb ,,08 r 0 ' 0 -~':lr; 112:1 -HJ l~ -Ml o w{ M20 -I a -,'<lb -j"'lb "12b -r'~lb 
-~1rr M "!If V ur !vi T I'Lr 11. 'ur r;1r 1'l ~ ET rt ur r,~ HT 
0.5 0 .. 125 0 .5 0 0 0 .099 .011-8 .102 .274 .198 -.161! c273 .082 .122 
0.5 .. 25 .125 1 .5 .202 .. 095 .192 .075 .035 .. 063 .. 139 .085 .2l~2 .. 218 .169 .104 
0.5 C)O eo 00 GO .091 .. 0/.J.3 .404 .199 .105 .050 
(.099 ) ( .. 043) ( .438) ( .. 200) ("llh) , ( .. 050 ) 
1.0 0 .5 0 .5 0 0 0 ,,19h .092 .180 .261 .130 .lS0 .. 166' .. 093 .058 
1.0 1 
• 5 1 .5 .437 .202 .392 ,,165 .077 .. lh2 .098 .051 .221 :.113 .. 100 .049 
1 .. 0 co 00 eo eo --- .033 .. 013, .198 .081 .. 050 .. 020 
( .. OhO) C .. 013 ) ( .240) (D080) ( .. 060 ) (.020 ) 
2.0 0 .5 0 .125 0 0 0 .. 256 .115 .213 .185 .OSL~ .270 .. 145 .ll5 .061 
2.0 1 .5 .25 .125 .. 491 .206 .hl1 ,,185 .080 .157 .099 .051 ,183 .. 099 .. 085 .045 
2.0 00 00 co ' ao .005 .. 001 .OJ7 .009 .. 009 .002 
( .010) ( .. 001 ) ( .070) ( ,,00'7) ( .. 017) (.002 ) 
S1 
TABLE 11 (~ontinued) 
NOHEHTS In A. UNIFOill<I,Y LOA-DED CORNER PANEL 
(All panels loaded -_beam slopes zero a.t columns - moments in "au direction) 
alb Sa S e Sb Sbe e -r:tl m2 -m1 a 
l1lt fit fit 
0.5 0 .125 0 .. 5 2 .lL6 .5~(- 1 .. 112 2 .. 59~~ 
0 .. 5 .25 .1~5 1 .. 5 .807~:- .. 378 .769 
0.5 oii- CIO GO OIl 0 0 0 
(0 ) (0) (0) 
1 .. 0 0 .. 5 0 .. 5 1. 597-~:- .60/1 1.522-:( 
1.0 1 .5 1 .. 5 .I.a?i:- .202 .. 392 
1 .. 0 .. co OIl' 03 0 0 0 
(0 ) (0 ) (0 ) 
2.0 0 .5 0 .. 125 1.009~~ .3h6 .. 823·)~ 
2 .. 0 1 .5 2;-" :,) .. 125 .h91* .206 ,,~ll 
2 .. 0 eo CIO • ClO 00 0 0 0 
(0) C' \ u) (0) 
J,?-J alues which would be infinite in exact solution .. 
Values in parentheses are difference equation values 
corrected to give same value of average moment as 
given by Siess and :~cwmark (.:2) for rigid beams .. 
tValues for strip of width b/he 
e .oe -m~ mll -m3 -1°1 
-..)-
fit fit mt mt 
0 .. 5L,0 .L59 .. 793 
0 .ldd.. .. ~.31 .. 597 
0 .. L29 .361 0 
(0) ( .1:32) (.933 ) (0 ) 
0 .321 .. 283 .. 388 
0 .229 ./140 .. 328 
0 .183 .. i-J43 0 
(0 ) ( .. 180 ) (.536 ) (0) 
0 .. 239 .5.21 ,,510 
0 .199 .362 .. 370 
0 .. 019 .. 08It. 0 
(0) ( .. 016) ( .. 160 ) (0) 
,~ 
.p-
'0 
m2 
0 
-ml 
mt mt 
.. 384 .. 812 
.. 27LI- ' I O~ '0 "1. /.~ 
0 () 
(0) (0) 
.186 .. 362 
.. ISh .283 
0 0 
(0 ) (u) 
.. 230 .. !~28 
.. 159 '" . .. ')-,-1+ 
0 0 
(0) (0) 
TABLE 12 
COXPARISON OF CORNER PAf\1EL r.10MENTS vJITH INTERIOR PANEL MOI1ENTS 
(All Panels loaded) 
Panel alb Sa Se S Se e 
-Mlb M2b -H~b -Mit N2f -11.3 ~ -~'1l f M2 t a b b -H1b N2b -M1b 
¥~ 1'~ P l' Mr NT Mr Hr M 
" 
Hr 11r ~~ ~ ¥~ 
Corner 0.5 .25 .125 . 1 .5 .20 .10 .19 .08 .0lL .06 .14 .08 .2h .. 22 .17 .10 
Interior 0.5 .25 1 .20 .09 .20 .10lf- "OL~f- .. 10* .1IL""t. "OS{~ .18 .. 09 .1J+~} "OS* 
Corner 1.0 1 
·5 1 .5 .1+4 .20 .39 .16 ,,08 .1/1 .10 .. 05 .22 .. 11 .10 .. 05 
Interior 1 .. 0 1 1 .33 .17 .33 • 16-ht. ,,08';~ .16~- ,,08* ,,04~i- .17 .os .. 08* .. 04* 
Corner 2 .. 0 1 .. 5 .. 25 .. 125 .h9 .. 21 .lll .. 18 .08 .16 .10 .. 05 .18 - .10 .08 .04 
Interior 2.0 1 .25 .36 .17 .36 .18-~- eOg~~ .. 18* .OS-H- • 04~~- .. 14- .. 08 .08~i- .. 04~f-
*Ha1f interior panel values. 
tValues for strip of width b/l!-. 
t\) 
V1 
~ .. -- ........................ .#_ .... ~ -_ ... _" .. -_-...- ...... 
TABLE 13 
HOI·i8IITS IF A TJt.lIFOR}:LY LOAnED INSTITUTIonAL PLAt·1 nix::m. SY2Tl~H 
'" 
(All panels loaded - be·run slopes ze:::"o at exterior columns - moments in flair direction) 0\ 
(a) Noments in direction perpendicular to edge 
alb S S c c ,. e g2b -1'~lh " C },f -1~1 F C :1 -HJ T. ~ c .::lb -lilb 1"2b h" -.J~ a b • .J /. '2 
.. ' 'r ~ .. ." 1 .. r l·· Hr 
1., J.i.r J1' l·".r AT 1'. l:~rn iT !.··lrn J.i .'1' 
.!. 1 
0.5 0 0 .5 0 0 o. 0 .l1.04 .323 -.026 .2l~5 -.OL(/ 0.000 
0 .. 5 .. 25 1 .5 .26U .125 .. 123 -.Oft5 .219 .200 -.097 .193 .. 172 - .. 097 
0 .. 5 @Ill .. co .. 099 .. 115 -.OJ5 .239 .2~J -.110 
1.0 0 0 .5 0 : , C 0 .320 .};'1 -.098 .270 .. 155 - .. 13h \,,: 
1.0 1 1 .. 5 .483 "',-'n .:--~16 - .. 107 .. 119 .. Ill!. - .. 053 .121· ,,151 -.05h . , .. ~ -) / 
1.0 to co ClQ .. 020 .Oh2 .005 .. 063. .. Ill .. 005 
2.0 0 0 ;125 0 0 0 0 .. 292 .287 -.196 .. 286 .. 235 -.076 
2 .. 0 1 .25 .. 125 .. 531 .232 .22h - .. 102 .. lll~ .. ]~5 -.053 .. ll2 .. 123 - .. 050 
2 .. 0 • 00 00 .001 .010 .004 .003 .028 .Oll 
TABL;~ 13 (Continued) 
HOn£I!TS IE A UJ'.JIFO}?1'iLY LOADED E·TSTITUTIOEiU, PLAN FLOOn SYSTElr 
(till. panels loaded - beam slopes zero at exterior columns - moments in flaH direction) 
(a) I·foments in direction perpendicular to edge 
alb S S' ('" C m2 
-
ITt1 c lnll- -m3 nt4C a 0 Llb TIl2 
fit rLt 111t mt IIlt l11t 
0.5 0 () .,5 1.119 I .. 567~(- -.032 .h52 -.159 .022 
0.5 .,25 1 .5 .502 .. lt91 -.179 .380 .. 3l~1 - .. 191 
0 .. 5 Cle 00 . 00 0 0 0 .529 .523 -.255 
1.0 0 (\ .. 5 • 69l~ .. 98h* - .. 093 .518 .. 26h -.269 u 
1.0 1 1 .5 .231 .. 216 - .. 107 .245 .368 - .. 108 
1.0 co ~ ClO 0 0 0 .lh7 .251 .007 
2 .. 0 0 0 .. 125 .588 .. 636.;(- -.507 .. 570 .449 -.090 
2 .. 0 1 .. 25 l"',r: .. .(.:> .. 232 .. 22h - .. 102 .. 222 .. 2h9 - .. li5 
2.0 eo c. ClO 00 0 0 (' .. 006 .064 .. 026 
1Fialues -which would be infinite in exact solution. 
~ 
TABLE 13 
NOHENTS IN' A UNIFOR}[.Y LOADED INSTITUTIONAL PLAN FLOOR -SYSTl~H 
..... (All panels loaded - beam slopes zero at exterior columns - moment·s in naU direction) I\) CD 
(b) Homents in direction parallel to ou.tside edge 
alb S e Sb 
-lib i'~b ~,. 0 }~~ -El ~ -lvlj H4 '0 !Ji 0 1,1" C ~~c Sa a - ·tb -Mi 2 ..... i1,3 ,4 
-- - - -l~ J,~ l:Lr HI' i:" ['1r H1' l'lrr -. rr. I,r I·tr ~Lr . ' .l "T ~ 
~ 
0.5 0 .125 0 0 0 ... 096 .051 .21.4 ~.1l6 .(J(2 .. 055 .. 187 .093 .. 466 .. 264 
0.5 .25 .125 1 .'l1~9 .078 .. 047 .. 029 .. ll5 .063 .207 .115 .175 .086 .236 .132' 
0.5 
-
CI@ .., ._-
-
.098 .055 ... 31l~ .161 .086 .. 042 .. 12h .052 
1.0 0 .5 0 a 0 .. 160 .. 0£59 .18'1 .095. .. 139 ,,096 .099 .046 .4h4 .. 234 
1.0 1 .. 5 1 .. 272 .150 .. 119 .. 071 .073 .040 .. 182 .099 .. 093 .046 .137 .074 
1 .. 0 • • • .037 .015 .. 201 .088 .049 .020 .Oll . - .. 003 
2.0 0 .5 0 0 0 .17.5 .. 100 .15l" .07g .. 209 .126 .095 .. 053 • .352 .169 
2 .. 0 1 .5 .25 .296 .160 .. JJ.~? .002 .CJ72 .OhO .. 144 .OgO .078 .OhO .. 147 ..• 080 
2 .. 0 • GO . SlIt .009 .. 002 .054 .. 012 .. 013 .. 003 .. 004 - .. 002 
rr t nL'-'\ 13 (ft ....,t "11 p'l) 
.-L.' :.:.. vO.1 l Uj~ 
HOI·ErITS II-; },. UnIFOm:LY LOAIE}) rrSrI'.rtJ'I'ICIrAL PLAr FLOOI't 0YST:j}~ 
(luI panels loaded - bean slopes zero at 8xtr~rior columr.s - moments in !taB direction) 
(b) ;~oments in ciree tion parru.lr;l to out.side ed;e 
alb ::3 (' e L~ 
-ml Tn2 In, 0 m 0 'yo e m4c a °a 0b -mJ I.~ -ml 2. -"'3 
rr~ TIlt fh r.1.t r.l.t ffi.!. 11l.t ffit t... L. 
0.5 0 .125 0 1.943-3:- .. 8hh .064 .055 .769 .412 .1+27 .369 
0 .. 5 ")C 01'--) .125 1 .596 .310 .360 .206 .. 383 . .232 ./.10 .241 
o r.. 
.,J co co co 0 0 .6/~4 .3hl 0 0 .372 .156 
1.0 0 .5 0 1.lLl-(};'} .h71 .220 .. 170 .. 320 .178 .762 .. 466 
1.0 1 .5 1 .272 41150 .362 .. ~02 .236 .lh2 .27h .lll.7 
1.0 CIO ClO co 0 0 .. L~h.3 .. 196 0 0 .033 -.009 
2 .. 0 0 .5 ·0 .. 7151~ .. 322 .398 .2h9 .. 351 .~oo .. 69B .3h3 
2 .. 0 1 .5 2t:' .. ::> .296 .160 .. 28LI- .159 .294 .. 161 , .293 ' 0160 
2.0 co 
- -
0 0 .. 120 .. 028 0 0 .011 -.008 
-)~Values which ,-[ould be infinite in exact solution. 
f8 
TABU ILt 
COMPARISON OF INSTITUTIONAL PLAN FLOOR 
SYSTEM MOMENTS \'!ITH INTERIOR PANEL MOI·iENTS 
..... 
\JII 
(All Panels Loaded) 0 
(a) Moments in direction. perpendicular to outside edge 
Panel alb Sa Sb S e e M2b 
. c 
M2 -}11 
c 
M4. -11'1 
c 
b -M1b -H1b M2b M2 ..I IJ.4 . 
- -
¥'T r: 1-1r y r·tr rt~ ~~ l:Lr Mm ¥~ ~ -'T ~ 1 
Institutional ~lan 0.5 0 .. 25 1 .. 0 .. 5 .. 26 .. 12 .. 12 - .. 04 .22 .20 - .. 10 .19 .. 17.) -,,10 
Interior 0.5 0.;25 1.0 .. 20 .. 09 .. 20 .. 15 .. 29 .. 09 .. IS· 
Institutional Plan 1.0 1.0 1 .. 0 .5 .. l~8 ,.2h .22 -.11 .12 .11 -.05 .12 .. 15 - .. 05 
Interior 1.0 1 .. 0 1.0 .33 .. 17 .33 .08 .. 17 .08 .. 17 
Institutional Plan 2 .. 0 1,,0 0 .. 25 .125 .. 53 .. 23 .22 -.10 .. 11 .12 -.05 .. 11 .. 12 - .. 05 
Interior 2.0 1 .. 0 0.25 .36 .17 .. 36 .08 .17 .08 .;14. 
TABLE Ih 
COJ'~PARISO~; OF IFSTITUTIO:~AL r1A~~ FLOu;\, 
SYSTEM r·~OME:'TTS \\~ITH I\TERIOR PAr·jEL l\~Or-lE!JTS 
(All Panels Loaded) 
(b) I'loments in direction parallr:l to outside edr;e 
P<-lncl alb S l..~ e " 
-t<lb I/f2b 
,. 0 ~~ 0 
-1\ l"~ -:'~3 1,1 v 0 r 0 ),~ c J~ c a va Llb -i'-lb lV'2b Lh -Ll -12 -e'l, 3  
~} J'~ J.~ 1,r , I'; ,:, . .( 1<'1 I~ 1;~ H1' 1\.: ..:. ..["1' l' ·-'T 
"" 
1";J1' 
~ l'ur 
Inst. Flan 0·5 0.25 .125 1.0 .15 .08 .05 .03 1') . ~ .06 .21 .l2 ,,18 .. 09 .24- .13 
Interior 0,.5 0.25 1 .. 0 .20 .09 .1CW- .01 ... 7(- .. lh-;~ .O?~'; .18 .09 .14* .07* 
lnst • .Plan 1.0 1.0 0.5 1 0-aV "rt 
• ,:::. f .15 .12 0"" " I .07 .04 .18 .10 .. 09 .05 .. 14 .07 
Interior 1.0 1.0 1.0 .J3 .17 "l7{!' .O8~;. .087~ .04~- .17 .08 .O~c- .04'H-
Inst.P1an 2.0 1.0 0.5 0 .. 25 .30 .. 16 .15 .. 08 .07 .0/-1 .14 ~08 .. 08 .04 .15 .08 
Interior 2 .. 0 1.0 0.25 .36 .17 .187,~ " 08-7:- .. 087:- • 04-;~ .14 .. 08 
, 
"O8~~ "O4~~ 
--
1~Half interior panel values. 
~ 
..... 
132 
, TABLE 15 
MAXIMUH LIVE LOAD MOMENTS 
All panels alike; moments in ~ direction 
alb Sa Sb -Mlb M2b -~~1 M2 -MJ . M4- -ml m2 -m3 nt4. 
MT 1~ }fur .~frr ~.rr ~ltr Int lILt, lIlt, lIlt 
0 .. 5 QQ eo .. 29 .. 38 .. 17 .112 .. 4.1 .252 0 0 .g~, .. 552 
0 .. 5 1 1 .. 43 .27 .. 22 .. 16 .22 .. 23 .. 4.3 .29 .. La .47 
0 .. 5 0 0 0 0 .. 81 .39 .06 .. 27 CIO .94 .. 05 .. 52 
0 .. 8 .. .. ' .46 .54 .. 113 ~062 ' .• 31 .152 0 0 .69 .. 332 
0.8 1 1 .43 .. 31 .. 22 .16 .22 .. 19 • 43 .. 32 . .. 43 .39 
0.8 0 0 0 0 .72 .37 .15 .. .)0 ~ .. 78 .20 .. 58 
~.O ., .. .56 .. 59 .093 .. 042 .23 .102 0 0 .53 ~;212 
1.0 SID 5 .60 .. 60 .073 • 042 .20 .092 0 0 .. 46 ~202 . 
l..0 CD 2 .64 .60 .063 .032 .17 .. 092 0 0 .39 .192 \ 
1.0 OIl 1 .. 69 .61 .. 05 .032 .14 .. 082 0 a .30 .182 
1.0 Ifill) 0.5 .74 .62 .. 043 .. 032 ' .09 .082 0 0 .. 21, .17~ 
1 .. 0 
-
0 .87 .63 0 .032 0 • C172 0 0 0 .142 . 
1.0 5 GO .49 .. 51 .11 .05 .26 .10 .. 10 .10 .. 57 .. 22 
1.0 5 5 .. 53 .. 51 .11 .. 05 .23 .. 10 .. 11 .10 .. 50 ~'222 
l.O 5 2 .. 57 .52 .. 10 .051 .20 ... 102 .. 11 .10 .4.) .. 212 
1.0 5 1 .61 .. 52 .. 09 .. 05 .16 .09 .12 .. 10 .34. .. 202-
1.0 5 0 .. 5 .66 .. 53 .09 .05 .12 .092 .13 .. 11 .. 25 ,· .. 18 
1.0 5 0 .. 79 .514- .05 .05 .. 02 .07 .. 16 .ll .03· '~i5 
1 .. 0 2 eo .. 4.2 .41 .. 16 .. 10 .. 29 .. 14. . .21 .21 .62 .. 30 
1.0 2 5 .. l~5 .42 .16 .. 10 .26 .. 14 .23 .. 21 .55 .Z·9 ' 
1.0 2 2 .. 4.9 .. 42 .. 16 .10 .22 . .. 14 .24 .22 .47 .28 
1.0 2 1 .53 .. 1,,3 .. 15 .10 .19 .. 13 .27 .. 22 .. 38 .27 
1.0 2 '0 .. 5 • 58. .. 43 .14 .10 .14 .. 13 .29 .22 ..29 .. 26 . 
1.0 2 t .. 71 .. 44 .11 ' ... 10 .05 .. 12 , .35 .23 .. 08 .. 2.3 
1 .. 0 1 .GO .33 .. 31 .22 .. 16 .. 32 .. 19 .. 33 .. 32 . .67 .. ,39 
1.0. 1 5 .. 36 .32 .22 .. 16 _' .. 29 .. 18 .36 .. 32 .. 60 "38 . 
1.0 1 2 .40 .. 32 .22 .16 .25 .18 .. 4.0 .32 G>-52 .37 
1.0 1 1 .43 .32 .22 . ~-16 .22 .• 18 .43 .. 33 .43 .36 
'1.0 1 0.5 .48 .33 .21 .16 .. 17 .. 17 .. 48 .. 33 .34 .35 
1.0 1 0 .60 .. 34 .19 .. 16 .C17 .. 16 '.60 .34 .ll .. 32 
1 .. 0 0~5 0) .. 24- .22 .28 .. 21 .. 35 .24 .48 .43 .. 73 .. 47 
1.0 0.5 5 .26 .22 .28 .21 .32 .23 .. 52 .. 43 .66 .46 
1 .. 0 0.5 2 '.29 .. 22 .. 29 .22 .29 .. 23 .58 .4L, .58 .. 46 
1.0 0.5 l' .. 32 .. 22 .30 .. 22 .• 25 '. .. 23 .64 .44 .. 49 .. 45 
1.0 0 .. 5 0 .. 5 .36 .23· .. 30 • .23 .. 21 .. 22 .. 71 .45 .. 39 .. 44 
1 .. 0 0.5 0 .. 47 ;.23 .. 29 .23 .11 .. 21 .94 .. 46 .15 .. 4.1 
1.0 0 .. 0 0 .43 .33 .. 43 .. 33 .e!7 .. 67 .. 87 .67 
1.0 0 5 0 0 .46 .. 34 .. 41 .• 33 .. 99 .. 67 .. 79 ..66 
1 .. 0 0 2 0 0 .1.!-9 .. 34 .37 .. 33 1 .. 15 .68 .. 71 .. 65 _ 
1.0 0 1 0 0 .53 .. 34- .. 34 .33 1.34 .69 .. 62 .. 64' 
1.0 0 0., 0 0 .. 57 .34 .. 30 .32 1 .. 59 .70 .. 52 .64, 
1 .. 0 0 0 0 0 .. 67 .35 .20 .. 31 ,...., .73 .31 '.6i . 
'/ 
TABLE 15 (Continued) 
MAXIMUM LIVE LOAD MOMENTS 
All panels alike; moments in ~ direction 
alb Sa Sb '-Mlb M2b -M1 M2 
Mrr l'lIf Mrr ~-T 
1.25 ,',.'.' era: .66 .63 ' .063 .022,3 
1.25 1 1 .h.3 .33 .22 .. 16 
1.25 0 0 0 0 .623 .. 34~. 2.0 
--
~. .7e- .66 .03 .. 01..) 
2.0 1 1 .. 43 .33 .. 22 .. 17 
2.0 0 0 0 0 .55 .33 
Note: Negative moments are from 
approximation to two adjacent 
rows loaded and positive moments 
are from alternate rows loaded 
in b direction unless value is 
identified by superscript--
1 - All panels loaded 
2 - Checkerboard loading 
.... M3 
Mrr 
.,173 
.. 22 
.. 243 
.08 
.22 
.. 31 
3 - Alternate ro~ loaded in ~direction 
Mh. 
1-~ 
.052,3 
.. 17 
.. 32 .3 
• 012, 
.. 17 
.33 
'1" 
-In]. m2 -m3 mh. 
lIlt, Illt, lnt, Illt 
0 0 .. 383 .122,3 
.43 .. 33 ' .43 .34 
• .70 .413 .643 0 0 .18 .03 
.43 .33 .4J ..33 
~ 
.67 .. 58 .. 67 
TABLE 16 
~1AXlMUM LIVE LOAD MONENTS IN A UNIFORMLY LOADED EDGE PAfJEL 
t-A (r-.!oments' in .§: direction) V4 ~ 
alb Sa S e Sb Sbe -NIb M2b 
~, e fK 0 M 0 
-1':1 l'1'2 -N3 HI !-1' 0 11 0 -, I' 
- ''lb L2b -\!1 1.2 a .. D .j 
--
--
11 ~ yo ~.''' l\!T ~1' Ell' 11/1 f!~ ~'1r Iv' Vim .~~ ~ 'T ~ .l 
(a) Homents in directior.'12erpendicular to outside edge 
0.5 0 0 0.5 0 0 0 0.1:9 0.47 0.10 0.30 
0.5 0.25 1 0 .. 5 0 .. 21 0 .. 1)' 0.23 0.31 0.24 0.19 0 .. 21 
0.5 \IIQ 
- -
0.18 0 .. 11 O.hO 0 .. 26 
1.0 0 0 0·5 0 0 0 0 .. 52 0.36 0" 214- 0.28 
1.0 1 1 0.5 0.36 0 .. 26 0./;.1 O.lS 0.13 0 .. 18 0.13 
1.0 00 00 C)p 0.06 0 .. 03 0 .. 17 ,0 .. 08 
2~O 0 0 0.125 
° 
0 0 0.45 0.30 0.37 0.30 
2.0 1 0 .. 25 0.125 0.37 0.26 . O.!~5 0.18 0.13 0 .. 16 0 .. 12 
2.0 ,01) ~ oct 0.00 0.00 0.03 0.01 
(b) Homents in direction parallel to outside edge' 
(Note: Column strip moments are for width of panel ~ b/4) 
0.5 0 0.125 0 
° 
0 0.11 0.09 0.37 0.30 0.09 O .. ll 0 .. 19 0 .. 15 
0.5 0,,25 0,,125 1 0 .. ~3 0.18 0.09 0.10 0 .. 16 0.14 0.21~ 0 .. 22 0.22 0 .. 19 
0 .. 5 :~ iQ;O .~ 0.10 0.07 0 .. 40 0.32 O.ll 0 .. 08 
1 .. 0 0 ,0.5 '0 0 C 0.20 0.17 0.32 0.23 0 .. 21 0 .. 22 0 .. 12 0 .. 09 
1 .. 0 1 0.5 1 0.44 0.37 0 .. 15 0.1/4 0.11 0.09 0 .. 21.l. 0.20 0.12 0.09 
1 .. 0 01) 00 eo o..Oh 0.02 0 .. 2L 0 .. 16 0 .. 06 0 .. 04 
2.0 0 0 .. 5 0 O· 
° 
0.2~ 0 .. 20 0 • .(:1 ·0 .. 15 0.28 0 .. 25 0.12 C.ll 
2.0 1 0.5 0 .. 25 9·· LL7 0~.38 0.19 0.16 0.11 0.09 0.21 0.18 0.10 0.08 2,,0 fJO Of] .01) /_- ----0,,01 0.00 0 .. 06 0,,02 0 .. 01 0,,00 
TABLE 17 
HAXIMUH LIVE LOAD HOHENTS IN A UNIFORMLY LOADED CORNER PANEL 
(Homents in a direction) 
alb Sa S e a Sb S e b -MIg M2b -H1b -Mfg M2g -H1g -M1 M2 -M3 ' ~14 .... MIo M 0 2 
-------
-_._---
¥~ Mrr ~'T Mr Mr ~" Mr Mrr Kr Mar ·Mtr Kr 
0 .. 5 0 0 .. 125 0 0 .. 5 0 0 0 0 .. 10 0.06 0.10 0.27 0.26 0.16 0.)6 0.08 0.16 
0.5 0.2.5 0.125 1 0.5 0 .. 20 0.12 0.19 0 .. 08 0 .. 05 0.06 O.ll" O.ll 0.24 0.29 0.17 0.14 
0.5 
"* 
00 .:""0" .. .\ 
---
0.09 0,,'06 0 .. 40 0.25 0,,10 0.07 
1.0 0 0.5 0 0.5 0 0 0 0.19 0.12 0.18 0.26 0.17 0.18 0 .. 22 0 .. 09 0.08 
1 .. 0 1 0 .. 5 1 0 .. 5 0.44- 0 .. 26 0 .. 39 0 .. 16 0.10 0.14- 0.10 0.07 0 .. 22 0 .. 15 0 .. 10 0.06 
1.0 '110 .. 4lO . 00 0.03 0.02 0.20 0.11 0.05 0.03 
2.0 0 0,,5 0 0 .. 125 0. 0 .0 0 .. 26 0 .. 15 0 .. 21 0 .. 18 0 .. 11 . 0.27 0 .. 19 0.12 O .. OS 
2 .. 0 1 0.5 .0 .. 25 0.12~ 0.49 0.27 O~U 0.18 0 .. 10 0.16 0 .. 10 0 .. 07 0.18 0.13 0 .. 08 0.06 
2.0 CJO- .~ eo . • ~ 0.00 0 .. 00 '0.04 0 .. 01 0.01 '0.00 
(Nota: Column strip moments are for width of parte1 = b/4) 
t: 
VI 
/ S e ~ a b Sa a 0 b 
0.5 0 0 
0.5 .25 1 
0 .. 5 • ., 
1.0 0 0 
1.0 1 1 
1.0 IIIQ co 
2 .. 0 O. 0 
S e 
b 
.. 5 
.5 
IQ' 
.5 
.. 5 
~ 
.125 
TABLE 18 
MA.xIHUH LIVE-LOAD MOMENTS IN A UN1FORMLY 
LOADED INSTITUTIONAL PLAN FLOOR SYSTEM 
(Moments in a direction) 
_:-~11~ ~b -M1b 1~~ -l.~~ ~~~ -M1 M2 M2 c 
---- -----~-Mr Hr 1I~ Kr ¥'T JviT }tr Mr Mr 
ff e 0 0 c c 
-M3 }~4 M4 -M1 ~ -M1,) ~,4 
1I~' ¥1:' M.r ~"t-Lr ~~ ~ 
(a) Moments in direction perpendicula:~ to edg~· ~ . 
0 0 0 0 • 3.'2 le1,,3 -.OL~ -.05 .. 26 0 
.. 26 .. 13 ·.12 .- .(17 .20 .. 23 - .. 14 .. 17 .. 2-0 - .. 14 
-...... -..... 
.. 12 .. 10 -.05 .24 .25 -.16 
0 0 0/ 0 .. 33 .. 34 -.14 .16 .28 -.19 
.4~ .. 25 .. 22 - .. 16 .11 .13 -.08 .15 .13 - .. 08 
.......... _ ....... 
.04 .. 02 .. 01 .11 .(17 .01 
0 0 0 0 .29 .31 - .. 28 .24 .30.-.ll 
2.0 1 .,25 .. 125 .. 53 .. 24 .22 -.15 .. 12 .12 ...... 08 .. 12 .. 12 - .. (J7 
2 .. 0 .. 
---
.. 
--
.01 .. 00 .. 01 .03 .00 .. 02 
(b) Moments in direction paraJ.lel to edge 
(Column strip moments are for width of panel - b/4. Corridor moments are for width of corridor.) 
0.5 0 .. 125 0 _0' O' .12 .. 10 .28 .23 .. 09 .11 .24 .. 19 .60 .. 53 
0.5 .. 25 .. 125 1 .~, ·.,19 ,,~ -wG6 .15 .13 .27 .. 23 .23 .. 17 .31 .. 26 
0.5 .. 
-
lID 
--
.13 .ll .41 .32 ell .08 .16 .10 
1.0--' 0 
.5 0 0 0 .21 .~8 .24 .19 .18 .. 19 .13 
.. ~ ~58 .47 
-l.O 1 .5 1 .30 .. 35 .. 15 .. 14 .09 .. 08 .24 .20 .12 .0 .• 18 .15 
1.0 '. -eo CIO -- - .05.· .. 93 .. 26 .18 .. 06 '-04 .. 01 . ~Ol 
2 .. 0 0 .5 0 0 0 ;23 .. 20 .20 .16 .. 27 .. 25 .. 12 .. 11 .46 .. 34 
2 .. 0 1 '.,5 .. 25 .. )2"·;38 .19 .. 16 .. 09· .G8 .19 .16 .10 .. 08 .. 19 '.16 
2.0 
-
eo CIIIQ 
---
-- .01 :00 .. /07 .. 02 .02 .. 01 .. 01 .00 
t;: 
Q\ 
lJ7 
TABLE 19 
YIELD MOMENTS IN·A ·UNIFORMLY LOADED PANEL FIXED ON FOUR SIDES 
See Fig .. 17-1(d) 
(i1 = i2 = i3 =.i4 ) 
m1", i1m1 lIlJ. (1 +il) 
alb f..' i (1) w. a2/S wya2/8 wya2/S h1/b == h3/b h2/a == h4/a 1 y 
0 0 1 0 1 0 0 .. 5 
0 0 .. 5 0 .. 667 0 .. 333 1 0 0 .. 5 
0 
-
1 0 .. ,00 0 .. 500 1 0 0 .. 5 
0 2 0 .. 333 0 .. 667 1 0 0 .. 5 
0 .. 5 0 0 1 0 1 0 0 .. 5 
0 .. 5 0 0 .. 5 0.667 0 .. 333 1 0 0 .. 5 
0 .. 5 O. 1 0 .. 500 0 .. 500 1 0 0.5 
0 .. 5 0 2 0 .. 333 0 .. 667 1 0 0.5 
0 .. 5 0 .. 5 0 0 .. 667 0 0 .. 667 0 .. 250 0 .. 5 
0.5 0 .. 5 0 .. 5 0 .. 444 0 .. 222 0 .. 667 0 .. 250 0 .. 5 
0 .. 5 0 .. 5 1 0 .. 333 0 .. 333 0 .. 667 0 .. 250 0 .. 5 
0 .. 5 0 .. 5 2 0 .. 222 0 .. 44h 0 .. 667 0 .. 250 0 .. 5 
0 .. 5 1 '0 0 .. 566 o· 0 .. 566 0 .. 326 0 .. 5 
0 .. 5 1 0 .. 5 0 .. 377 0 .. 188 0;566 0 .. '326 0 .. 5 
0 .. 5 '1 1 0 .. 283 0 .. 283 .. 0 .. 566 0 .. 326 0 .. 5 
. 0 .. 5 1 2 0 .. 189 0 .. 378 0 .. 566 0 .. 326 0 .. 5 
0 .. 5 2 0 0 .. ~,52 0 0.1-1.52 0 .. 1..11 0.5 
0 .. 5 2 0.5 0.301 0 .. 151 0 .. 452 O .. Ul 0 .. 5 
0 .. 5 2 1 0 .. 226 0 .. 226 0 .. 452 .0 .. 411 0 .. 5 
0 .. 5 2 2 0 .. 151 0 .. 302 0 .. 1..52 0,,4.11 0 .. 5 
0 .. 8 0 0 1 0 1 0 0 .. 5 
0 .. 8 0 0 .. 5 0.667 - 0 .. 333 1 0 0 .. 5 
0 .. 8 0 1 0 .. 500 0 .. 500 "I 0 0 .. 5 
0 .. 8 0 2 0 .. 333 0 .. 667 1 0 0 .. 5 
0.8 0·5 0 0.526 0 0.526 0 .. 355 0 .. 5 
O .. S 0 .. 5 0 .. 5 0 .. 351 0.176 0 .. 526 0.355 0 .. 5 
0 .. 8 0.5 1 0.263 0.263 0.526 0 • .355 0 .. 5 
0.8 0 .. 5 2 0 .. 175 0.350 0.526 0.355 0 .. 5 
0.8 1 0 0 .. 409 0 0 .. 409 0.443 0 .. 5 
0 .. 8 1 0.5 0.273 0.136 0.409 0 .. 443 0 .. 5 
0 .. 8 1 1 0 .. 205 . 0.205 0 .. 409 0.443 0 .. 5 
0 .. 8 1 2 0 .. 136 0 .. 273 0.409 0.443 0 .. 5 
0.8 2 0 0.294 0 0 .. 294· 0.5 0 .. 469 
0 .. 8 2 0 .. 5 0 .. 195 0 .. 098 0 .. 294 0 .. 5 . 0 .. 469 
0.8 2 1 0 .. 147 0 .. 147 0.294 0.5 0 .. 469 
0 .. 8 2 2 0 .. 098 ,0 .. 195 0 .. 294 0 .. 5 . 0.469 " 
1 .. 0 0 0 1 0 1 0 0 .. 5 
1 .. 0 0 0 .. 5 0 .. 667 0 .. 333 1 0 0 .. 5 
1 .. 0 0 1 0 .. 500 0 .. 500 1 0 0 .. 5 
1 .. 0 0 2 0 .. 333 0 .. 667 1 0 0 .. 5 
1 .. 0 0 .. 5 0 0 .. 1 .. 52 0 0 .. 452 0 .. 411 0 .. 5 
1.0 0.5 0 .. 5 0 .. 301 0.151 0.45~ O .. Ul 0 .. 5 
1.0 0 .. 5 1 0.226 0 .. 226 0 .. 452 0 .. 411 ,0 .. 5 
1.0 0 .. 5 2 0 .. 151 0 .. 302 0 .. 452 0 .. 4ll 0 .. 5 
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TABLE 19 (Continued) 
YIELD MOMENTS IN A UNIFORHLY LOADED PANEL FIXED ON FOUR SIDES 
ml i1ml m1(1+i1) 
alb tJ. il(l) wya2/$ wy-a2/8 wya2/8 . hllb = h3/b h2la ::: h4/a 
1.0 1 0 0.333 0 0.333 0.5 0.5 
1.0 1 0.5 0.222 0 .. 111 0.333 0 .. 5 0 .. 5 
1.0 1 1 0 .. 167 0 .. 167 0.333 0.5 0.5 
1 .. 0 1 2 0 .. 111 0 .. 222 0.333 0 .. 5 0 .. 5 
1 .. 0 2 0 0.226 0 0.226 0.5 0 .. 411 
1.0 2 0.5 0.150 0.075 0.226 0 .. 5 0.411 
1.0 2 1 0.113 0.113 0.226 0.5 0.411 
1 .. 0 2 2 O~076 0.150 0.226 0.5 0 .. 411 
1.25 0 0 1 0 1 0 0.5 
1.25 0 0.5 0.667 0,333 1 0 0.51 
1.25 0 1 0.500' 0.500 1 0 0 .. 5 
1.25 0 2 0.333 0.667 1 0 0.,5 
1.25 0.5 ,0 0.375 0 0 .. 375 O.L.69 0.5 
1.25 0.5 0.5 0 .. 250 0.125 0.375 0 .. 469 .0.5 
1.25 0.5 1 0 .. 188 0.188 0 .. 375 0 .. 469 0.5 
1.25 0 .. 5 2 0 .. 125 0.250 0.375 0.L.69 0 .. 5 ,I: 
1.25 1 0 0.262 0 0.262 0.5 . 0.443 
1.25 1 0.5 0.175 0 .. 087 0.262 0.5 0.443 
1.25 1 1 0.131 0.131 0.262 0.5' 0.443 
1 .. 25 1 ~ 0.087 0 .. 175 0 .. 263 0 .. "5 . 0.443 
1.25 2 0 0 .. +68 0 0 .. 168 0 .. 5 0.355 
1.25 2 0.5 0.112 0.056 0.168 0.5 0.355 " 
1.25 2 1 0 .. 084 0.08L 0.168 0., 0 ... 355 
1.25 2 2 0.056 0 .. 112 0.168 0.5 O~355, 
2.0 0 0 1 0 1 0 0.5 
2' .. 0 0 0.5 0.667 0 .. 333 1 0 0.5 
2.0 0 1 0.500 0 .. 500 1 0 0.5 
2.0 0 2 0.333 0.667 'I 0 0 .. 5 
2.0 0.5 0 0.226 0 0.226 0 .. 5 0.411 
2.0 0.5 0 .. 5 0~150 0.075 0.226 0.5 0.411 
2.0 0.5 1 0.113 0.113 0 .. 226 0.5 0.411 
2.0 0.5 2 0 .. 076 0.150 0.226 0.5 0.411 
2;.0 1 0 0.142 0 0.142 0.5 0.326 
2 .. 0 1 0 .. 5 0'.094 0 .. 047 0 .. 142 0 .. 5 0 .. 326 
". ~ , , r\ ,...,." 0.071 r\ "" r\ r' 0 .. 326 .::: .. v .J.. .J.. V .. V{J.. v .. J..4'::: v .. ') 
2 .. 0 1 2 0.01.7 0 .. 094 0.1iJ2 0.5 0.326 
2.0 2 0 0 .. 083 0 0 .. 083 0.5 0 .. 250 
2.0 ' 2 0.5 0.056 0 .. 028 0 .. 083 0 .. 5 0 .. ~250 
2 .. 0 2 1 0 .. 042 0 .. 042 0 .. 083 0.5 0.250 
2.0 2 2 0 .. 028 0.028 0.083 0.5 0.250 
C9 0 0 0 0 0.5 ·0 
OlD 0.5 0 0 0 0.5 0 
QQ 1 0 0 0 0.5 o· 
CIO 2 0 0 0 0 .. 5 0 
(l)i - i - i = i = i 
- 1 -2 3 4 
1'9 
TABLE 20 
YIELD MOMENTS IN A UNIFORMLY LOADED PANEL FIXED ON FOUR SIDES 
(~l Ie i3 a 0 .. 5i2 == 0 .. 5i4 ) 
In:L i 2ml ml (1+i2 ) 
alb u i1 == i3 i2 == it w.ya278 wya'l8 wya278 h1/b = h3/b h2/a =hl+/a 
0 0 0 1 0 1 0 0 .. 5 
0 0.25 0 .. 5 0 .. 667 0.333 1 0 0.5 
0 0.5 1 0 .. 5 0.500 1 0 0 .. 5 
0 1 2 0;.333 0 .. 667 1 0 0 .. 5 
0.5 0 0 0 1 0 1 0 0.5 
0.5 0 0.25 0 .. 5 0 .. 667 0.333 1 0 0 .. 5 
0 .. 5 0 0 .. 5 1 0.5 0 .. 5 1 0 0.5 
0.5 0 1 2 0.333 0.667 1 0 0.5 
0.5 0.5 0 0 0 .. 667 '0 0 ... 667 0.250 0.5 
0 .. 5 0.5 0.25 0 .. 5 0.459 0.230 0.689 0.232 0 .. 5 
0 .. 5 0.5 0.5 1 0.353 0.353 0.706 0.223 0 .. 5' 
0.5 0.5 1 2 .. 0.2L+2 0.48h 0 .. 726 0.212 0 .. 5 
0.5 1 0 ····0 0.566 0 0 .. 566 0.326 0.5 
0 .. 5 1 0 .. 25 0~5 0.395 0.198 0 .. 593 O.30t 0.5 
0 .. 5 1 0 .. 5 1 0.304 0.304 0.608 . 0 .. 293 0.5 
0.5 : 1 1 2 0.209 0.U8 0.627 0 .. 280 . 0.5 
0.5 2 0 0 0 .. 451 0 0 .. 451 0.lJ.2 0.5 
0.5 2 0 .. 25 0 .. 5 ' 0 .. 322 0.161 0 .. 483 0.388- 0 .. 5 
0 .. 5 2 0 .. 5 1 0.250 0 .. 250 0 .. 500 0 .. 375 0.5 
0.5 2 1 2 0 .. 173 0 .. 346 0 .. 519 0.360 0 .. 5 
1.0 0 0 0 1 0 1 0 0 .. 5 
1.0 0 0.25 0·5 0 .. 667 0.333 1 0 0.5 
1.0 0 0 .. 5 ·1 0 .. 5 0.5 1 0 0 .. 5 
1.0 0 1 2 0 .. 333 . 0 .. 667 1 0 0 .. 5 
1 .. 0 0 .. 5 ·0 0 0 .. t52 0 0 .. l1-52 0.412 0 .. 5 
1.0 0.5 0 .. 25 0 .. 5 0 .. 321 0 .. 160 0 .. 481 0 .. 388 0 .. 5 
1.0 0.5 0 .. 5 1 0.250 0 .. 250 0.500 0 .. 375 0 .. 5 
1 .. 0 0.5 1 2 0.173 0.346 0.519 . 0.360 0.5 
1 .. 0 1 0 0 0 .. 333 0 0.333 0.5 0.5 
1 .. 0 1 0 .. 25 0 .. 5 0 .. 242 0.121 0.363 0 .. 476 0.5 
1.0 1 0.5 1 0 .. 191 0.191 0 .. 382 0.464 0.5 
1.0 1 1 2 0 .. 134·" 0 .. 268 0 .. lt.02 0 .. 448 0 .. 5 
1.0 2 0 0 0 .. 226 o· 0 .. 226 0.5 0.411 
1.0 2 0.25 0.5 0 .. 168 0.084 0 .. 252 0 .. 5 0 .. 436 
1.0 2 0.5 1 0 .. 134· 0 .. 134 0 .. 268 0 .. 5 0.448 
1.0 2 1 2 0.096 0.191 0 .. 287 0.5 0.464 
2 .. 0 0 0 0 1 0 1 0 0 .. 5 
2.0 0 0.25 0 .. 5 0.667 0 .. 333 1 0 0 .. 5 
2.0 0 0.5 1 0.5 0 .. 5 1 0 0.5 
2.0 0 1 2 0 .. 333 0.667 1 0 0.5 
2 .. 0 0.5 0 0 0.226 0 0.226 0.5 0.412 
2 .. 0 0 .. 5 0 .. 25 0 .. 5 0 .. 168 0 .. 084 0 .. 252 0 .. 5 0 .. 435 
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TABLE 20 (Continued) 
YIELD MOMENTS IN A UNIFORMLY LOADED PANEL FIXED ON FOUR SIDES 
m:I. 12M]. m.t (1+12 ) 
alb ~- i1 m 13 i2 == 14 wya2/8 wya2/8 Wya2/8 'hl/b m h3/b h2/a • h4/a 
2.0 '0 .. 5 0.5 1 0 .. 134 0.134 0.268 . 0.5 0.449 
2.0 0.5 1 2 0.096 0.191 0.2Erl 0.5 0.463 
2.0 1 0 0 0.142 0 0.U2 0.5 0.324-
I'") '" "I r. I"lf' 0.5 0.107 0.054 0.161 0 .. 5 0.348 IG.V .J.. v.";) 
2.0 1 0.5 1 0.086 0.086 '0.172 0.5 0.360 
2 .. 0 1 1 2 0.062 0.125 0.187 0.5 0.375 
2.0 2 0 0 0.083 0 0.OS3 0.5 041250 
2.0 2 0.25 0., 0.064 0.032 0.096 0.5 0.268 
2.0 2 0.5 1 0.052 0.052 0 .. 104 0.5 0.280 
2.0 2 1 2 0.038 0.CJ76 0.114 0.5 0.293 
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TABLE 21 
YIELD MOHENTS IN A UNIFORMLY LOADED PANEL FIXED ON FOUR SIDES 
(i1 = i3 = 2i2 = 2i4 ) 
m:t i 2ID:i In:l (1 +i2 ) 
alb 'I-! i1 = iJ i2 = i} .. w.ya'2./8 Wya'-/8 wya"i./8 hI/b ::: h3/b h21a C hlJ./a 
0 0 0 1 0 1 0 0 .. 5 
0 0 .. 5 0 .. 25 0.8 0.2 1 0 0.5 
0 1 0 .. 5 0 .. 667 0 .. 333 1 0 0 .. 5 
0 2 1 0 .. 5 0.5 1 0 0 .. 5 
0 .. 5 0 0 0 1 0 1 0 0.5 
0 .. 5 0 0.5 0 .. 25 0 .. 8 0.2 1 0 0.5 
0 .. 5 0 , 0 .. 5 0 .. 667 0 .. 333 1 0 0.5 ~ 
0.5 0 2 1 0 .. 5 0.5 1 0 0.5 
0.5 0 .. 5 0 0 0.667 0 0.667 0.250 0., 
0 .. 5 0.5 0.5 0 .. 25 0.511 0.128 0 .. 639 0 .. 268 0 .. 5 
0.5 0.5 1 0.5 0.h19 ' 0.210 0.629 0.280 0.5 
0.5 0 .. 5 2 1 0.305 0 .. 305 0.610 0.293 0.5 
0.5 1 0 0 0.566 0' 0.566 0 .. 324 0.5 
0 .. 5 1 0.5 0 .. 25 0 .. L~8 0.107 0.535 0.34.8 0.5 
0.5 1 1 0 .. 5 0.345 0.172 0.517 0.]60 \ 0.5 
0 .. 5 1 2 1 0 .. 250 0 .. 250 0.500 0 .. 375 0'.5 
0.5 ' 2 0 0 O.l~ 52 0 0 .. 452 0.L~12 0 .. 5 
0.5 2 0.5 0.25 0.336 0 .. 08LJ. 0 .. l~20 0.14.35 0 .. 5 
0.5 2 1 0.5 0.268 0.134 0 .. 402 .0 .. 449 0 .. 5 
0 .. 5 2 2 1 ,0 .. 191 0 .. 191 0 .. 382 0.462 0 .. 5 
1.0 0 0 0 1 0 1 0 0.5 
1 .. 0 0 0 .. 5 0 .. 25' 0 .. 8 0 .. 2 1 0 0.5 
1.0 0 1 0.5 , 0.667 0.333 1 0 0.5 
1.0 0 2 1 0.5 0.5 1 0 0.5 
1.0 0.5 0 0 0.l~52 0 0 .. lJ.52 0 .. 4.11 0.5 
1.0 0 .. 5 0.5 0 .. 25 0.337 0.081+ 0 .. L+21 0.La6 0 .. 5 
1 .. 0 0.5 1 0.5 0.268 0.131.. O.L02 0.lJ.4.8 0.5 
1.0 0.5 2 1 0.191 0.191 0 .. 382 0.464 0.5 
1 .. 0 1 0 0 0 .. 333 0 0.333 0.5 0 .. 5 
1 .. 0 1 0 .. 5 0.25 0.2L1.2 0.060 0 .. 302 0.5 0.476 
1.0 1 1 0.5 0.191 0.096 0 .. 287 0 .. 5 0.464 
1 .. 0 1 2 1 0 .. 134 0 .. 134. 0.268 0.5 0.448 
1 .. 0 2 0 0 0 .. 226 0 0 .. 226 0 .. 5 0.412, 
1 .. 0 2 0.5 0.25 0.160 0.01.,:.0 0 .. 200 0.5 0 .. 388 
1 .. 0 2 1 0.5 0.125 0.062 0.187 0 .. 5 0.375 
1.0 2 2 1 0 .. 086 0.086 0.172 0 .. 5 0 .. 360 
2.0 '0 0 0 1 0 1 0 0 .. 5 
2.0 0 0·5 0.25 0.8 0 .. 2 1 0 0.5 
2.0 0 1 0.5 0.667 0.333 1 0 0 .. 5 
2 .. 0 0 2 1 0.5 0 .. 5 1 0 0.5 
2 .. 0 0 .. 5 0 0 0 .. 226 0 0 .. 226 0.5 0 .. 412 
2.0 0.5 0.5 0 .. 25 0 .. 161 0 .. 040 0.201 0 .. 5 0 .. 388 
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TABLE 21 (Continued) 
YIELD MOMENTS IN A UNIFORMLY LOADED PANEL FIXED ON FOUR SIDES 
.', 
In:l i 2ml m:t(1+i2 ) 
alb .,:J.!. i1 - i3 i2 a·i4 wya2/8 wya2/8 y.2/8 hl/b liP h3/b h2/a a h4/a 
.. 
2.0 0.5 1 0.5 0.125 0.062' 0.187 0.5 0.375 
2.0 0.5 2 1 0.086 0.086 0.172 0.5 0.360 
2.0 1 0 0 0.142 0 0.142 0.5 0.326 
2.0 1 0 • .5 0.25 0.099 0.025 0.124 0.5 0.304 
2.0 1 1 0.5 0.076 , 0.038 0.114 0.5 0 .. 293 
2 .. 0 1 2 1 0.052 0.052 0.104 0.5 0.280 
2.0 2 0 0 0.OS3 0 0.QS3 0.5 0.250 
2.0 2 0.5 0_.25~ 0.057 0.014 0.071 0.5 0.232 
2.0 2 1 0.5 0.044 0.022 0.066 0 .. 5 0.223 
2.0 2 2 1 0.030 0.030 0.060 0.5 0.212 
1-3 
TABLE 22 
YIELD MOMENTS IN A UNIFORMLY LOADED 'PANEL FIXED 
ON THREE SIDES. AND SIMPLY-SUPPORTED ON OKE SIDE 
(a) Moments in direction perpendicular to s~ply-supported edge. 
a/b il = 13 i2 i 4· 
T!lJ. :L4IllJ. h1/b ;;;; h3/b . h2/a. h4/a .fJ· wy~'i./8 wya2j8 
0.5 0 .. 5 1 0 1 0 .. 427 0.427 0.283 0.414 0.586 
0.5 1 1 0 1 0.353 0.353 0 .. 364 0.414 0 .. 586 
0 .. 5 2 1 0 1 '0 .. 273 0.273 0.453 0.414 0.586 
0.5 0 .. 5 2 0 2 0.320 0.640 0.300 0.366 0.634 
0.5 1 2 0 2 0 .. 261 0.522 0·384 0.366 0.634 
0.5 2 2 0 2 0 .. 198 0 .. 396 0 .. 473 0 .. 366 0.634 
1.0 0.5 1 0 1 0.273 0.273 9 .. 453 0 .. 414 .0 .. 586 
1.0 1 1 0 1 0 .. 193 0 .. 193 0.5 0.382 0.538 
1.0 .2 1 0 1 0.126 0.126 0.5 0.308 0.435 
1.0 0.5 2 0 2 0.198 0.396 0.473 0 .. 366 0.634 
1 .. 0 1 2 0 2 0 .. 138 0 .. 276 0.5 0 .. 322 0 .. 558 
1.0 2 2 0 2 0 .. 088 0.177 0.5 0 .. 258 0 .. 44'6 
2 .. 0 0 .. 5 1 0 1 0.126 0 .. 126 0 .. 5 0 .. 308 0.435 
2.0 1 1 0 1 0 .. W7 0 .. 077 0.5 0 .. 24,0 0 .. 338 
2 .. 0 2 1 0 1 0.044 0.044 0 .. 5 0.182 0 .. 257 
2 .. 0 0 .. 5 2 0 2 0.088 0 .. 177 0 .. 5 0 .. 258 0 .. 446 
2 .. 0 1 2 0 2 0.053 0.106 0 .. 5 0.200 0 .. 346 
2 .. 0 2 2 0 2 0 .. 030 0 .. 060 0.5 0 .. 151· 0.261 
(b) ~ioments in direction parallel to simply-supported edge. 
alb 
In]. i2m1 In]. (lt12) 
h1/b h3/b' h2/a = h4/a ikl ~ il i3 i2 = i4- wya2/8 wya2/8 W~rB.2/8 /' I. 
0 .. 5 0.5 0 1 1 0 .. 353 0 .. 353 ·0 .. 706 0 .. 182 0.257 0 .. 5 
r"\ r ., 
" 
., ., 0.307 0 .. 307 0.617 0.240 0.338 0.5 v.) .l. v .l. .l-
0.5 2 0 1 1 0.253 0.253 . 0.506 0 .. 308 0 .. 435 0 .. 5 
0 .. 5 0 .. 5 0 2 2 0 .. 242 0.IL84 0 .. 726 0.151 0.261 0 .. 5 
0.5 1 0 2 2 0.212 0.424 0.636 0 .. 200 0.346 0.5 
0.5 2 0 2 2 0.177 0 .. 354 0.531 0.258 0 .. 446 0 .. 5 
1 .. 0 0 .. 5 0 1 1 0.253 0.253 0.506 0.308 0 .. 435 0 .. 5 
1 .. 0 1 0 1 1 0.193 0.193 0.386 0.382 0.538 0 .. 5 
1.0 2 a 1 1 0.136 0 .. 136 0 .. 272 0 .. 414 0 .. 586 0.453 
1.0 0 .. 5 0 2 2 0 .. 177 0.354 0 .. 531 0.258 0.446 0.5 
1.0 1 0 2 2 0 .. 138 0.276 0.414 0 .. 322 0 .. 558 0.5 
1 .. 0 2 0 2 2 0.099 0.198 0.297 0 .. 366 0.634- 0.473 
2.0 0.5 0 1 1 0.136 0.136 :·-0.272 0.414 0.586 0.453 
2.0 1 0 ~ l 0.088 0.088 0.176 0.lJ.4 0.586 0.:364 
2 .. 0 2· 0 1 1 0.053 0 .. '053 041106 O .. U4· 0 .. 586 0 .. 28.3 
2.0 0.5 0 2 2 0.099 0.198 0.297 '0.366 0 .. 634 0.473 
2.0 1 0 2 2 0.065 . 0,,130 . 0.195 0.366 0.634 0.384-
2 .. 0 2 0 2 2 O~040 0.080 0.120 O .. ~66 0.634 0.300 
1"-
TABLE 23 
YIELD MOMENTS IN A UNIFORMLY LOADED PANEL FIXED ON 
TWO ADJACENT SIDES AND STIfFLY-SUPPORTED ON TIIO SIDES 
alb m:t 
i 4m:t 
h1/b h3/b h2/a h4/a -IJ. i1 = i2 i3 i4 w.ya2/8 wya2/8 
0.5- 0.5 0 1 1 0.458 0.458 0.2(J7 0~293 - 0.414 0.586 
0.5 1 0 1 1 0.389 0.389 0.270 0.382 0.l.J.4 0.586 
0 .. 5 2 0 1 1 0.310 0.310 0 .. 342 0 .. 483 0.414 0.586 
0.5 0.5 0 2 2 0 .. 357 0.714 - 0.183 0.318 0 .. 366 0.634 
0.5 1 0 2 2 0.303 0.606 0.2.38 0.413 - 0.366 0.634 
0.5 2 0 2 2 -0.242 0.484 0.302 0.522 0.366 0.634 
1.0 0.5 0 1 1 0 .. 310 0.310 0.342 0.483 0.U4 0.586 
1.0 1 0 1 1- 0.229 0.229 0.LJ.4 0.586 0 .. 414 0.586 
1 .. 0 2 0 .1 1 0 .. 155 0.155 0.U4 0.586 0.342 0.483 
1.0 0.5 0 2 2 0.242 0.484 0.,302 0.522 0 .. 366 0 .. 634 
1.0 1 0 2 2 0.179 0.358 0.366 0_634 0 .. 366 0.634 
1.0 2 0 2 2 0.121 0.242 0.366 0.634 0.302 0.522 
2.0 0.5 0 1 i 0.155 0.155 0.4l4 0.586 0.342 0.483 
2.0 1 0 I-
---
I 0.097 0.097 0.l.J.4 0.586 0.270 0 .. 382 
2.0 2 0 1 1 0.057 0.057 0.U4 0.586 0.207 0.293 
2.0 0.5 0 2 2 0.121 0.242 0.366 0.634- 0.302 0.522 
2.0 1 0 2 2 0.c;t76 . 0.152 0.366 0~634 0.238 0.413 
2.0 2 O· 2 2 0.049 - 0.089 0.366 0.634 0.183 0.318 
TABLE 2L.-
YIELD STRENGTH OF BEAHS HECT.3SSARY TO EQUAL SLAB STRENG1'H 
0 .. 5 
0.·667 
0 .. 75 
0 .. 8 
1.0 
1 .. 25 
l .. JJJ 
1.5 
2 .. 0 
1.21 
1.1;9 
1.62 
1 .. 70 
2 .. 00 
2.37 
2.49 
2.73 
J .. L3 
l~ 
TABLE 25 . 
YIELD STREIDTH OF SQUARE pANELs m .WHICH eORNEJrJpERS OCCUR . 
alb i x/a m(l+l) Wy&2/i4 
(a) Uniform distribution of reintor-cement 
1 
1 
1 
o 
1 
2 
0.159 
0.159 
0.159 
1 .. 091 
1.091 
1.091 
(b) Reinforcement* in column strip one-half' 
that in middle strip 
1 
1 
1 
o 
1 
2 
·0.15 
0 .. 14 
O .. ~ 
:<1' 
*Moment resistance 2/3m and 2/3im in column 
strip, and 4/3m and 4/3im in middle strip. 
TABLE' 26 
LOCATION OF AVERAGE LINES OF CONrRAFLEXURE-YIELDING AS' A STRUCTURE 
bm(l+i) + Hb(l +1) 
1 
0.667 
0.5 
0.333 
x/a 
o 
0.092 
0.1.46 
0.212 
x is distance from column line to line 
of contra flexure 
TABLE 2.7 
LOCATION OF AVERAGE LINES OF CONTRAFLEXURE--YIELDING AB A PANEL 
eVb i x/a (x/2h4 ) Structure x/a; 
. ~ ...... -
0.5 0 0 0 0 
0.5 1 0.16k 0.164- 0 .. 146 
0.5 2 0.23k 0 .. 2)4- 0 .. 212 
1.0 0 0 0 0 
1 .. 0 1 0 .. 147 0.147 0.1k6 
1 .. 0 2 0 .. 211 0 .. 211 0 .. 212 
2.0 0 0 0 0 
2.0 1 0.095 0.147 0.146 
.2.0 2 0.138 0 .. 211 0.212 
X is distance from column line to line of contraflexure 
·TABLE 28 
COl'rPARISON OF APPROXn"J\TE NOIJ;ENT VALUES 
VIITI! 'l'HOSZ CO!':PlJT[~D BY SUTffERLAND (5) 
(Interior pa.nel - .Al1 panels 'loaded) 
alb S Sb -N1b }f2b -HI E2 -F.., tv:", VALUE a. 
_'.J_ 
'-lIrr Hn .. , l''irr NT HT 1 l'llf 
2 4 1 0.51 0.27 0.07 0.03 0.09 0.03 "Exact" 
2 h 1 0.49 0 .. 26 01li 0? et03 0.11 0.01~ Approx. 
0.5 1 1~ 0.23 0.12 '. 0.18 0.,08 0.26 0.12 "ExactU 
0.5 1 h 0.24 0.13 0.18 0.09 0.25 0 .. 11 Approx .. 
,-, 2 1 O.h3 0.22 0 .. 11 0.06 0.12 0.06 . UExact" .G 
2 2 1 0.42 0 .. 22 0.11 0.05 0.13 0.06 Approx. 
;<-
0.5 1 2 0.27 . 0.14 0.18 0.08 0.22 0 .. 11 "Exact" 
0.5 1 2 0.28 0.15 0.'18 0.09 0.21 0.10 Approx. 
$ 
150 
alb 
S 
>.& 
.. 0.8 
TABtE_ w--
SU10fARI OF ELASTIC .MOMENT DISTRIBtrrIOlf 
Bea and Strip Hament~ti08 
Key to Tabular· Values 
~ 0 1 --. 
~~~~~-~. I 
0 ~M.l! ~ 
---}_. ~ X I I 14 i i 
I j 1 
··_·_-t-_···_·· 
--L 1 I I --,---- 1 I I .I i 
I 
'f J_~~, T i I 1 I-~i":~ 
€IC I 
-1---- I .-- ----t~--~ 
I I 'i 
- ; . . '. 
1 
Sb 
2 
S 
a 
s 
a 
!' 
~- ' 
I 
TABLE 2~· (Continued) 
S 
a 
:0 
i 
~l 
, 
S 
a 
1 
S 
a 
"Approximate moments computed as described in Sec III 21 
**To· obtain numerical lIOAent values J mul tiP.J.y· values in table 
by MrIlOO for U/DL m 0, 1.2SMT/lOO for LLlDL 111:1 1, 1.56 Mr/100 
for !J.IDL IIIIiI ~_ • 
151 
152 
TABLE 30 
DISTRIBUTIon OF r~::A.xn·lJN LTVE LOAD MOHENTS - ELASTIC THEORY 
~Ulpane1s alike; moments in ~ direction 
alb 3 c :£1'/ ., .. E2b 
"I~ H2 -lei3 I .. jl~ .. l:-E a ub "' -l'-lb -l·'l 
rl' l:E l:N <EN :tH :tl-: '!:l-i I:l: 
o r:: CIO CIO 1.61 0.18 0.23 0 .. 11 O .. Cf1 0.25 0 .. 16 0.53 
.;/ 
0.5 1 1 1.53 0.28 0.18 0.14 0.11 0 .. 14 0.15 0.56 
0.5 0 0 1.53 0 0 0.53 0 .. 25 0.04 0.18 0.57 
0 .. 8 00 00 1.63 0.28 0 .. 33 0 .. 07 0.04 0.19 0.09 0.5h 
0.8 1 1 1.53 0.28 0.20 0.15 0.10 0.15 0.12 0.58 
0.8 0 0 1.5[ .. 0 0 G.lt? 0.24 0.10 0.19 0.57 
1 GD '00 1.61 0.35 0.37 0.06 0.02 0.11 ... 0.06 0.55 
1 !/lQ 5 1 .. 60 0.J8 0.38 0.04 0 .. 02 0.12 0 .. 06 0.54 
1 eo 2 1.59 O.hO 0.38 O.Oh 0.02 0.10 0.06 0.54 
1 CD ., 1.60 0.4.3 0.38 0.03 0.02 0.09 0.05 0 .. 55 J.. 
1 CD C.5 1.60 0.h6 0.39 0 .. 02 0.02 0.06 0.05 0.54 
1 flO 0 1.60 O .. 5h 0.39 0 0.02 0 0 .. 05 0 .. 54 
1 5 CIQ 1.52 0 .. 32 0 .. 3£;. O .. W 0.03 0.17 0.07 0 .. 56 
1 5 5 1 .. 53 0.35 0 .. 33 0.07 0.03 0. .. 15 0.07 0.57 
1 5 ..., 1.54 0 .. 37 0 .. 34 0 .. 07 0 ... 03 0 .. 13 0 .. 06 0.57 r.. 
1 5 1 1.5:2 O .. L~O O.3i+ 0 .. 06 0 .. 03 0 .. 11 0 .. 06 0 .. 57 
1 5 0.5 1. 5l~ 0 .. 43 0.34 0.06 0 .. 03 0 .. 08 0 .. 06 0.57 
1 ,5 0 1 .. 52 0.52 ' 0.36 0.03 0.03 0 .. 01 0 .. 05 0 .. 56 
., 2 .. 1.52 0 .. 28 0.27 0.10 0 .. 07 0 .. 19 0 .. 09 0 .. 57 J.. 
1 2 5 1 .. 53 0 .. 29 0.28 0 .. 10 0.0'7 0 .. 17 0 .. 09 0 .. 56 
1 2 2 1.53 0.32 0.28 0.10 0 .. 07 O.ll~ 0 .. 09 0 .. 56 
1 2 1 1.53 0.34' 0.28 0 .. 10 O .. W 0.12 0 .. 09 0 .. 56 
1 :.2 0 .. 5 1 .. 52 0 .. 38 0 .. 28 0.09 0.07 0 .. 09 0 .. 09 0.56 
1 ") ~~ 0 1 .. 53 0./-16 0.29 0.07 0 .. 07 0 .. 03 0 .. 08 0 .. 56 
1 1 CIO 1 .. 53 0.22 0.20 0.14 0.10 0.21 0 .. 12 0 .. 57 
1 , 5 1.53 C; .. 24 0 .. 21 0.11+ 0 .. 10 0.19 0 .. 12 0 .. 57 ..I. 
., 1 2 1.53 0 .. 26 0 .. ;21 .0 .. 11.l. 0.11 0.16 0.12 0 .. 56 .J... 
1 1 1 1 .. 53 0.28 0 .. 21 0 .. 14 .0.11 O .. ll 0 .. 12 0.56 
1 1 0.5 1 C:::') 0.31 0 .. 22 0 .. 114- 0 .. 11 0.11 O .. ll 0.56 ..L. .)""' 
1 1 0 1.52 0 .. 39 0 .. 22 0 .. 12 0.11 0 .. 05 0 .. 11 0.56 
1 0 .. 5 M 1 .. 5/4- 0 .. 16 0 .. 14 0 .. 18 0 .. 13 0 .. 23 0 .. 16 0.57 
1 0 .. 5 5 1 .. 52 0.17 0 .. 15 0.1,S 0' .. 14 0 .. 21 0.15 0 .. 56 
1 ("\ ~ \.1,,:;- 2 1.5h 0 .. 19 0 .. 1/.,. 0 .. 19 O .. U 0 .. 19 0.15 0.57 
1 0.5 1 1 .. 5h 0.;21 0.11+ 0 .. 20 O .. lJ.~ 0 .. 16 0.15 0 .. 57 
1 0 .. 5 0.5 ' :-...r... 0 .. 23 0.15 0 .. 19 0.15 O.lli- O.lJ~ 0 .. 56 -'- .. "I." 
1 0 .. 5 Co 1 .. 51:. 0 .. 30 0 .. 15 0 .. 19 0.15 0 .. 07 O .. ll~ 0 .. 56 
1 0 CIO ., ,-" ...L.)~ 0 0 0 .. 28 0 ... 22 0 .. 28 0 .. 22 0 .. 56 
1 0 5 1.54 0 0 0 .. 30 o .... '? 0 .. 27 r- ... ., 0.57 .. .::. ..... "';.~J.. 
1 0 2 1.53 0 0 0 .. 32 0.22 0.24 0.22 0.56 
1 0 1 1. 5L~ 0 0 C.34 0.22 0 .. 22 0.22 0.56 
1 0 0'.5 1. ~3 0 0 0 .. 37 0.22 0 .. 20 0 .. 21 0.57 
1 0 0 1 .. 53 0 0 O.LJ-i. 0.23 0.13 0.20 0 .. 57 
15} 
TABLE 30 (Continued) 
alb Sa Sb EN -qb H2b -I-Ll " " ~r2 " ~r ~ -l~ -~13 1'·4 
I-iT ~ ~ ?EN :nr- ::nr- ~ zv 1'; 
1.25 ~ &10 1 .. 59 0 .. 41 0.40 0 .. 04- 0.01 0 .. 11 0,,03 0 .. 56 
1 .. 25 l 1 1 .. 53 0 .. 28 0.22 0 .. 14 0 .. 11 0.14 0 .. 11 0 .. 56 
1.25 0 
° 
1 .. 52 0 
° 
0 .. 41 0 .. 22 0 .. 16 0 .. 21 0 .. 57 
2 80 €lID 1 .. 57 0 .. 49 0 .. 1;2 0 .. 02 0.01 0 .. 05 0 .. 01 0.56 
2 1 1 1.54 0.28 0.22 O .. JJi- O .. ll O.lL 0.11 0.56 
2 0 0 1 .. 52 0 0 0.36 0.22 0 .. 20 0 .. 22 0 .. 56 
Values in thi~ table "computed from tho~e in ~ab1e 27. 
TABLE 31 
-
COMPARISON OF MOMENTS FOR INTERIOR, EDGE, CORNER, 
AND INSTITt1rIONAL PLAN PANELS--
All panels loaded 
~ 
V1 
-Ir 
Inter:Lor Fflge Panel Edge Panel Corner Inst. Panel Inst. Panel 
Panel MJ_ ' to Egge M It to Edge Panel MJ... to Edge Mil to Edge 
.i ui .i ai . ai ~ . 10 ~ 0 I ~ ~ 0 0 l 0 ~ 0 Po! Po! ~ Po! Po! Po! IZi S!; IZi 
Q) 
ai ~ Q) ai 1: • ai 1: Q) iii ~ ~ Q) iii ~ ~ Q) ~ rS ~ rS bO I rS rS i '10 bO 0 0 ~ 8 I 0 0 ~ ~ ,£ ~ ,£ ~ Po! IZi 0 Po! Po! 0 0 0 0 
Edge Beam -~* M * -Mlb b 2b 0 -~b -~~ ~b -~b ~b -~b -2- 2"" -2- x x - M2b x x x - x 
M* Mt -~ Edge Col. Strip x :.] x x x x ~ -~ x x ~ -~ x x x x ~ -Kf. x 2 -2" 
Mid. Strip x M4 -~ x M -~ 4 .;- :.- - x M4 -~ x M4 -~ x M4 -~ Me 4 x M4 -~ 
Int. Col. Strip x ~ -~ x M2 -~ - x ~ -~ - x ~ -~ - x ~ -ML ~ X2~ -~ 
Int. Beam -~b M~ -~b ~b -'\b ~b -~b e -~b ~ ~b -'\b ~b 4 4 -~b - - - - -Mib M2b - - b - 3" ~b} ~b -
Corr. jt 
~+M4 -~-~ c 
-Mi" -2- --2- x x x x x x x x x x Mi,,4 x 
a b = 0.5, Sa = Sb = 0 
Tabular values below are moments values in key above divided by lw\r/1OO 
Edge Beam 10 05 10 x -x - 04 08 x 10 05 . 10 x x - 05 10 x 
Edge CoL Strip x 10 2r--X~lC----- -- -x x 08 -15 x x 12 68 x x x x 09 19 x 
Mid. Strip x 04 05 x 23 10 - x 05 07 x 27-=16 X 24--:05---()--x (Yo -07 
Int. CoL Strip x -W- 62 x 36 49 - x 30 56 x 40 55 x 40 32 -03 x 23 43 
Int. Beam 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corr. x 16 34 --x x x x-~ -- x x x x --x~x 26 ---"47 x 
TABLE 31 I Interior 
(Continued) Panel Edge Panel I Edge Panel M..L to Edge M II to Edge Corner Panel Inst. panel. I Inst • Panol M ..L to Edge M IJ to Edge 
~I ! ~ bOl I.: ~ \- B ~ 1
1
' --~ll-Z, --1--- -ll--i ~l-----'-- -~-
CD I p.. CD 0 CD p.. CD p.. Q),; p.. -(I)" p.. 
Z Z ~ Z Z: Z i I Z 
.. \ • i • I . I '. I CD CD • .. I CD (II • ~ (l) .. '.. ~ CD (I • ~ CD; .1 • J...4 CD 1 II <I ~
bO 1:0 I bO 'I ~ tID II) bO M b() II) bO I M bO (f) I flO ~ bO, (f) II b() ~ bOil. "" 1·.bE) ~. 
'0 0, CD 0 "d 0 '" 0 't1 0 CD 0 "0 0 I Q) 0 "t11 0 Q) 0 '0 0 CD 0 I 
riI p.. I ~ I 0 r:il p.. :a 0 j:r';I p.. ~ u f.i! A.. , Z 0 r£I i p.. Z 0 P:l p.. Z 0-
1 i I I : 1. . i ' 
I I I ' I! I I I I I . I I . i ',. I ~'~g~~~~~_~~Sb=~_~JJ§j~wix ~~ ~:~=t-x~;05-qd-~-~O~~- uJC ~:r.-~:.+x_ Joiosti= ~ir-~!~~E::~~--~-l! 08~~: ':: ~ ~ t~ i~~1- ~R+tlF;:~f~V~ L~~~~l~~g-~+~:~~T: 
lnt .~~.;_'!Jii -~---==~:====t:r;S- 0-- -, :~ _2;3l,!+~ :-=. ==-~ Q2h7--f-='~~ tuot-'::26 ~~:J~-iQ~ :-=-~~~:ZOl':': 
q? _t.:!'_'"___ .. ----·---------.I--!.I.2·~- '-"-7. -~ - X -=-~.' -=-l~ --~j--::.L-=-l .. ~ --!-+-.:-+.=.~- x1·-:x.:.l .•-· _~_L __ ~~ _~ - -?Cj~~_" ~- -~-
, !; -I I! I I Iii I i: I I: i I I I , i!. I 
, I·"' !..: 1 J Ii; I; 
a/?c= O.~~ S,:.\~ .. _ _ ~_-' ______ --_J-~-l-- ~~_+ : .. I I_~L-~~LL-:-l-.~--l---
~~~i ~6L $tr:i . . -'-~'-~_' 11, -i -i;-::I u::+i--~l04i69 ! ~ x io+ro ~ -i ~t -~--::+ii+ot+6<i j-·i I-li~-.-StrI-- ___ J' --+ x 53. ;;:xf:zo1.i.O- 1':' . xlt6!30 t::: -\ji'Z%,t6 '-:.: 'xi.24~24-~li -x-rf6~3I-. -.,:' Inf~--Col~:P-Strl.---·--·--i--x 00f3 -- ··i:09! 18 ~::- ··x·t,·07, 10-. - -xJ 09 ·tf8~ -i-1bii.2lb4 '-i-rIl"-20 t· .... lrit~ -Beam----~---p-- -- -122 112- -~.> -l--r---~'=' --=~--I----l-·-:.:.- .. -~- --1-=-t-.: ---+-,---.,:.-;--·--------t '':-
Corr:--·---------i--x.10i 22 .·-il--xT-.:.:~--~·-:,--x- x;--.:.:t·-:..-i.·x: --xt.-:t-~-~-x- ··xL_=.t.;-.:-:--x· '-X~O~rI2' Ix-
--" -------~--------l--rT--T ···--r-;----r- --TT t- -l--rT j~ -I" --;---~--- -T-----1· , . 
a./b I? 1, S :zSb:Z:O I : ,I II!! II!: 'I! I· I :t I :; 1. I 
I § ,I, .. 'I 'I . I j Edge -Th3-am'~' -.... -. - .. ---~I7-~-67--""i7-rx --:i-.:-;-:--rx- -':':i"oatI5IX 19t69-4ta+-x -:.:i-=-·i·---~x -=~(59-'i6'~ -x· Ecitie---Col~-strr--··· -.- r-x· I 03--·-o-···-:--x -x'-":i-=-~ x --xi04-;-69-~-x-- --X-t06-t691-x- --'x1- -=·!--~-t-x -:£~5-10-!--x Mla.·:-.~Sti'f. p-_.--P..-----t· x 13; 5 -:.: -Xf21. -!.'24 -+-:':--X.-1IT.·t .. lb~t-, ,::- i~.1-1.1g. "'1-:-- ·.-.x t2.1~. f. 6. -~1j" . -X-rlo.-'.U.·. 'i- =-~ !~t~~~ _str~~:_11_~ 2g:~~ -~t-j~L~!~~j, ~- -_~12~f~-1£· -_~¥§!5-~-i=t-~lj~;j~Jg"····~·:ib?b·.l: 1
1
: 
Carr.. xJ±.J}3 ! x X! - -L-:.l~_ x 1 _I -....J.~L~_L-:.~-=--L~.L~l_~_~l_x X--,.?lL~4_.L~~ io-=I Vi 
VI 
TABLE 31 
(Continued) Inter1or. Edge Panel Edge Panel corner .. iInstG . Panel , Inst. Panel Panel M..L to Edge M II to Edge Pane1M .L to Edge M to Edge. 
• - lui. l--~o I-'JTI -1 ~-'-'f' T-T.; -: ~~~J eti -P • ~ 
bO I lOb() lOb() 0 bO ! lObO 0 bl) o· 
Q) I ~ Q) . p... Q) i ! i p... Q) . \ A..Q) p... CD i ~ 
Z 'z I Z I I : Z i. I Z Z I 
• 110 I Ie ;. • • 
Q) • • I ~ Q) -I iii: M Q) • I • I M Q). " : '. I ~Q) • • M . Q) • • I hO rIl! btl I M bO ell bO il'~ bO Ol I t\O! M bO! ell 'I' bO I ~ bO (I) bO ~ be fIl btl i t 
"0 0'1l> 0 0 Q) 0 0 Q) 0 "0;0.,(1) 0"00 Il> 0 100,),0 ~I~IZ O'~l~ Z!o ~ ~1~lo ~!~l ~'o ~,~ ~Io ~I~ ZIO 
I I I . \ I I . \ " . I 
': I! I I I' !! i 1 '. ! I ! 
I! ! I 1 ii' i I! I' i 
I ! . I ! Iii j. I! 
alb •. ltc ~ a .~ =~ ~ I i I I I II ,~,I' iii I i 
- ~~-' .. ~..., .to - .... _.. • .... -- •• -t-· .. · ... ·t---... 1-'-' _..... ... ,.-_.t:;--f--.._" -':- ._- ._.-- - - ..... - ... --- -.-- '1-;-' - .. l· ....... i~~::~;i::-~t~~p~:::l,N1~1~ ; _;l_~~~i~:~g'lt~~ l:~~ ~1i:~;l~t~ _~lru~_::~ 
-- .~ ~l~ ~L ~,~" -~t!.Q.t~~.t~L:'_ ~., ~t~- -~ ~-~g,,~ --~ -. X,iiti X,+1Q#. 
x OS 117 - ~LI0 J18 - x 09 17 ..... x 10 20 .- X.l12.':ll . .5 x;08 \1 
-3J i7'3T -~'U 120-j36; - -liW4~:" 44 20 19_ - 48124 122 ~201J 
Corr. I x' 08 : 17 x x - 1 - I X x'.· .... ! - x x .. .... x x! - - 1 x X I Cf7 ! ; x 
·------,·-+...·---I---·r I I i T--- '-T' I , .. -r..----.- -.~-+-- j:' "---r"--r--l--~-: 
I I. II I I I I I,: alb 2jI 1, .. 8 =8.:aU> ' . J I ! ,. I ,. . . ! !. : . 
a -b, . I . i i . lili I I ~' Edge-Beam"'--~~-- 221322+ x -"': - - x - I 'x 1 X - t-.:. ::-+ x ':'-1-: x EC!&~~1. Strip x .01 02 : x x1-.:.{:-+x+ x 02105+ x_3 m9~=t-x -x--r--J-.:._-fX:X.-to.2TCW,_ x ~d.! .. ~~~L_. __ . __ . ____ ._ x i96IJ..8 .. ~-~- ~~-ln~-tlU:: x 08 119! "":. ~ 08 20al =- ~~I()6 r.t:!:11~~~ 
Et:_~~~~r1p_- 4~ ~~I~~ : x ~i-~ -~E£~+~_~_. ~~+.I-~ _~~~=:~~= -~~t2i07 .... t. __ ~ 
Corr. ~_'04'12 x x - -' x x -I ~.x ~---:+--~- ... ~~r-=1!'-=~-~ -.iL~IO!..~ 
I 16' ! I ,i I: E~;~:: ~! .. ~o 14 06:14 x - i -! _ i X - fofrr x 26 12!2i x~~:;j-~-jx- Jrolrs+x ~'~~~~filtriP ~ ~~:~ ~ i,~ 37r~~~~m-:-~=f~tgt~:~~~~~-I(r -~~~i~+~ 
Int. Col. Strip x :t7 '43 ':'- -~2·3t45·-t·~· 'x I5T32-r.:: --x 17"37+:'- -x >:29-f2.9-k-Cj" -xl1b'T3r'.! '..:.,' 'fnt'~-"Be8.m -'0' '-Bfo' .t---~Oi 6fO+~->---:;- ofot--:--r0f'10+= -000-j-6 -.:.roj--o;-.··~ 
Corr. x :l,QJ]) I x x =L-+x-~x>---=t-=l-x>---i -:. =fix ~:;f-xj.Jl.-:ti)-5-1x 
..., 
VI 
Q\ 
TABLE 31 
(Continued) 
Interior 
Pa.nel 
Edge Panel I Edge Panel 
M..L to Edge M 1/ to Edge 
Corner 
Panel 
Inst. panelilnste Pa.nel 
M.J.. to Edge Mil· to Edge 
• ~~U; --:-~-l ~ -IT - ~ : --1---~ -:·r--- --:"j, ~ -:~l-~~ 
bD I I;'] bO" 0 bO 0 btl . 0 bO 0 bO : 0 I~ II 'A.. G) I A.. CD A.. CD ! p...! ~ CD A.. I.,::. ~: I Z z. joII... • Z I 
• .. III t. • iii 
1
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I 
'1 I ' , I I I I, I I I I, :' I, i' I I I 
I I I ! I 1\; I I 1 I ' I I 1 I i I I I Ii' I I I' ; I I 
alb = 2, 8 =8 :=1 I i I !! I I· ! I I I I: I I I Il 
. a b !!' I I I : ' , : .: ::! i ' 
'Ecfe"Beam' . J16"08~i6:--'xi--:"-'.:1-,,:~xi-·:.:-t08;W"-x,igro-8'16 x · .. 1-:':- '-...:-1-i -':"-.00115 ,X Ed~ecol.'StI-iP .'j x 6 ' 6s"-xi-x : -! -" i l x 1 OJ>; 68; j(- xi OltJ~1f;:-=i!I,~ ;::..t~ :i 64' ~hc 
Mid. Strip., _I'x~ -I x;09j16, -I x:09;16; - lC,l()lS:- -~1l1,~~~ xooj~-r-
'i~t ~~~!,~~~~::'13~Jfhlll =jl.~,~gj~i =t ::'~i5X: :j4~!~f;~: :15jl~J~;~ ::'~'~'~~~'I: 
.Qo_~:r-.. ~. - - ...- --.! ~ ~9~~ ~.I~ _~J. ~-- -.t- .- -l·-?C·~· x .. ~~ ... - ~.~ :~~.' "":'; . ":'~ -~1 ~~.~. -:-.L-·--TI.-~ -~. ~ 1!1~ ~_?C 
I, ! 1 I ; " i I I 
I I i I:' i \. ; :, I I ' 
alb -:= 2 S=S:c:CIO I.. : i I I ,!; . i I : 
..... ; .8. ... 0 I: ! ,. J I: , Ii! Ii: I ~ : 
--.-.-.-.- ••.• ---- ........ - ... ; .t-. ·f· : .... _.L .. r. I I . I I·· -- •. - .. - .. 
~~: ~~L 'sir'tp" /~ ;1~ ?§!ij ;; = i : !i ,;'t: ,01 ,Cll; ~- xl () 1.01! .~I x' :;:! ,i';: ().c5J,;~ 
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CQrr. __ ... ~ 1--~-Q~Ql1.~.-~.:.-~.j---: : X Xl......::i.._":.J .. X jd ~.;._ .. ~ L -: X ._!.~:-.:_:-_:.....~ : .. ~_._.9_~_ .. Q.'h~ 
*1r Sa - Sb -~, in which case ed~e beams are present, Mib/2, M2bi2, Ml/2, and M2/2 are 
'-;G ~ 
replaced by Sa. . Sa . ' 0 .. 25 . " 0 .. 25 . 
\ . .. -) ~/2, <_._-. ) Mv;./~ ( .. ee .., t'1./2~ and (. e ; ) ~/2 
S· + 0.25 S· + 0.25 S + O~25 S + 0.25 
a a a a 
respectively .. 
t-' 
\n 
·-1 
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TABLE 32 
RATIO OF YIELD LOAD OF SLAB TO YIELD LOAD OF STRUCTURE 
(Distribution of moment resistance same as 
distribution of maximum elastic moments for 
interior panels with LL/DL = 1, Table 29) 
alb Sa Sb 
Wy(slab) M2;(1+I) ~I2g(1+I ) 
wy(structure) bffiJ.(1+i2 ) . ~m1f.A (1 +i1 ) 
0.5 0 0 3.00 0 0 
0.5 0 1 1.95 0 1.9 
0 .. 5 0 co 1.r,- 0 99.0 
0.5 1 0 2.03 . 1.5 0 
0 .. 5 1 1 1.53 0 .. 9 1.0 
0.5 1 .08 1.05 . 0.3 15.6 
0.5 GO 0 1.43 9.0 0 
0.5 GO 1 1.26 1.S 1.1 
0.5 CIQ GO 0.95 1.0 10.1 
1 0 0 3.00 0 0 
1· 0 1 1.99 0 1.7 
1 0 UI 1.26 0 24.0 
1 1 0 1.99 1.7 0 
1 1 1 1.52 1.0 1.0 
1 1 to 1.09 0.7 4.3 
1 co 0 1.26 24.0 0 
1 to 1 1.09 4.3 0.7 
1 0 .. 87 2 .. 4 2.4 
-r.-Yield lines; form only for pat tern of yielding as a structure. 
TABLE 33 
F..ATIO OF YIELD CAPACITY OF SLAB TO YJ3LD CAPACITY OF STHlJCTURE 
Percent, of 14'oment in .§.: Dir':3ction Resisted b:'" Slab 
o 
10 
20 
30 
l~O 
50 
60 
70 
80 
90 
100 
o 10 2 0 ;~~ ____ _ ~'+!J,_ 
-0- 0 .. 10-0'--\,-2-0- 1) .. 30 0.,40 
0.,10 c .,30 O .. h4 0 .. 58 C.71 
0.20 0.114 0 .. 60 0 .. 75 C .. ,s9 
0.30 0 .. 58 0 .. 75 0 .. 90 1.05 
0 .. 1+0 0 .. 71 0.89:. 1 .. 05 1 .. 20 
0 .. 50 O .. S) 1 .. 02' 1 .. 19 1 .. 35 
0 .. 60 0 .. 96 1.16 1 .. 33 1 .. 50 
0 .. 70 1 .. 08 1.29 1 .. 47 1.63 
0 .. 80 1.20 1 .. 42 l .. ~O 1 .. 77 
0 .. 90 1 .. 32 1.5h 1.7/0 :!..91 
1.00 1.44 1 .. 67 1. ,:_~6 2 .. 05 
50 60 70 so 
-6~ ~)O -o~Go ':).70"-0'. ~~; 
0.83 C.~~ 1.08 1 .. 20 
1.02 l"l;~', 1 .. 29 1.Li-2 
1 .. 19 1.33 1 .. ~7 1.60 
1.35 1.~Ol .. {3 1 .. 77 
1.50 1 .. 6~ 1.79 1.93 
1 .. 6h 1 .. 80 1.9h 2.09 
1.79 
1.93 
2.06 
2 .. 22 
2.25 
.:2 .. 10 
,.~_ .4..; r 
~: • 2/4 
,2 .1: .. 0 
2.55 
2.69 
. 159 
_, 9..0 100 
U. <;0--'1.00' 
1,,1),. 
.1...,)4 1.67 
1.7h 1.S6 
1 .. 91 2.05 
2 .. 06 2.22 
2.25 2.38 
2.39 2 .. 54 
2.~, 5 2.69 
2.70 2.25 
2.85 3.00 
(The above values are based or t;-Ie ass1J.nptioT1~ that the ratio of the 
sum of the slab and beam T7:0ment resistanc(-.;s irl the a direction to the 
sum of the slab and bea"7l nOr.lent resistances in b di'I=ect.ion is t}~e sa."7lf:; 
as t.he ratio of the static mOr.lent in the 3. direction to t:-:o sta.ti~ 
moment in the, E. direction arld -that corne:~-levers do not occur .. ;' 
TABL~~ 3h 
COI'TAJlISOE OF CODE D~SIG;: }:OI{n~l\ITS 
FOR IHTCRIOH FA!··ELS OF T';tC).·· ... JAy SLAB noons 
;:~-rlH n':~COl'J·ll~nDLD VALUES 
Key to· Tabular V rUnes 
~ 'K/l.r ~_I. l''T 
L _____ • 10)i' ~ r--100~.'~ 1 ( ... h··t:)}) 
- . -'10 '_'. 
EE .,-I:F. 
100J"-:2 1---::;-.- •• -lC'D.l_1 
----2..1: C 
Source ~Jb = 0 .. 5 _0_,"_8 J_~__ 1 .. 25 
19hO t.Toint COFllnittee 1 ,::" tIt_)(:; 1.21 1.:21 1.29 
ar..d r{~ethod 2 - ACI 16 I 13 31 23 39 29 41 ... .32 
31e-51 and 56 16 I J' ',i .r.: 11 08 
" 
07 06 06 04 
2h 18 16 12 11 08 08 06 
l-:ethod 1'- 1.16 1.17 1.18 1.,19 
ACI 31B-51 and 56 ""1 Ot:, 32 22 hI: 29 h8' 23 Vi ~I 
2'-+ ; 17 12 08 08i 05 05 03 
,).~ , 19 
,.:..(J i 15 10 101 07 06 04 
!'Jf~',,·lT.1ark and Ciess Proposals 1.('1 1 .. 01 1.01 1.11 
(15, 16) 1 ( I ., J .31 21 r. c\ , '-~6 1;.6 31 ~_l. ;;r::: I ,,:.,) --,~ 12 nL Oh 06 . 02 lh I l.'C: 09 
. --
\./t . .' 
.. ,.... 12 20 10 16 07 11 OLI ~< ( 
R.ecommended t)'a :::: Sb == -:-:'ilIQ 1 .. 28 1.28 1.28 1.28 
~o 19 31 28 33 33 ' ~ t.:.) 36 
12 Ci6 Cf7 0/. .... ob or) ~ Oh 01 
. ... .., 16 21 09 15 06 II OJ /.. ( 
I-' 
8' 
2 .. 0 
l .. Jh 
50 35 
03 02 J., .. 
.. 05 04 
1 .. 24 
55 38 
02 01 
02 02 
1 .. 23 
54 37 
02 01 
Oh Cl 
1.28 
53 38 
0') 
'-
01 
05 ell 
TAl-1L~. 3h (Continued) 
CONFARISON OF CODj~ DF.SIGN HOl1ENTS 
FOR TI,TTl~RIOR PANELS OF 1l-.'C--;,vAY SLAB FLOOHS 
------\'lITH RECOIvrNENDED VALUES 
. Source alb = 0.5 0.8 1 -'- _.~~~ __ ~ __ 2 .. 0 
Recommended for stiffness 1.28 1.2.a 1.28 I 1.28 ~~~8._ 
137 values indicated 08 06 26 22 29 144 133 57 39' 
24 15 13 ·0$ 08 04 105 i 63 61'-
29 18 21 10 16 06 . III L O/,! 02 
Sa=O. 5" Sb=8~. Sa=2, 0b==8 Sa=4, Sb=h Sa=8, Sb=2 Sa::::~ , 
Recommended values and 1940 Joint Conunitte'ebearo moments were computed llsing IL/DL = 1 and partial 
loa.ding for maximum moments; other beam and slab moments· were ~omputed using moment coefficients 
-1/11 and +1/16 or tabluar values in code provisions. 
a 
01 
Sb=0.5 
~ 
-1940 Joint 
Coinmittee 
and 
ACI 318-51 
ACI 
318-56' 
- "--"".-
'ivithout 
Drop 
Panels 
With 
Drop 
Panels 
TABLE' 35 
COMPARISON OF CODE DESIGN 110MENTS 
FOR INTERIOR PANELS OF FLAT SLAB FLOORS 
, HITH RECOMMENDEi)V"'"AL~ 
Key to Ta.bular Values 
,~f.1/1vLr 
-lOm'~lb lOO~;:2b 
2£N ~l~ 
-100H1 ' 100HZ 
-£H EH 
r----:::-" 1001~ -1001-12 
~'1w1 ,:tI'l 
-.L -
--
- .... _or 
-.. ~ 
O •. 9S* 0.72 . 0.72 
0 'Q 0 0 0 0 
36 30 46 22 146 '-22 ' 
13 21 16 16 16 16 
, .Q.9~~ 0.72 0.72 
0 0' 0 0 0 ;:0 
38 30 50 20 50 20 
........ ll 21 15 .15 115. 1.5 
1.25 O.~J 0.8) 
Without 0 0 o· 0 '0 0 
Drop 4_~ 2lJ. 146 22 '[46 22 
Panels -~ :tQ. 16 16 16. 16 
1~2.~~ 0411 ~. 0.83 
With .!). . 'Jr 0 Q .0 0 
. tEop 46 24 ;0 2·0 50 20 
. Panels . -~ ~~ ,15 15 15 15 
i 
...... ..,-.J . c-.,.9..., 
0.72 O~~ 
0 Q ,0 0 
146 22 36 30 
19 lQ 113 2l 
0.·72 0.98* 
0 0 0 0 
i50 20 38 30 
15 15. 11 21 
0.B3 ~;..l.25 
0 0 0 0 
. i'JJ.6 22 [46 '24 
16 16 r.l.4. 1.6 
' 0.83 1.25-** 
0 0 0 0 
50 20 [46 24 
lJ.5 15 llJ 16 
-RecoTi1f:1end~d 
-
TABLS 35 (Continued) 
COEPARISON OF CODE D~SIGN HOHE}ITS 
Fon INTERIOR PArms (iF FLAT SLAB FLOORS 
HITH RECOlll·mr·!DED V AI,~ 
" 
. -
- - -- -
1.28 1.28 1.28 
T,:ithout '0 0 Of j 0 0' 0 
Drop 56 27 if-H~ h7 22 lIlt. .. -:~ Panels 04 IJ 17 
~ 
ValueS··.aboive for LL/DL = 1 and for panels with point supports 
- -
.1.28 1 .. 2e_~ 
0 0 o 0 39-~ l~+ 21 
16 19 21 201 
, 
~~'ACI 318-51 onl.'.:r; 19hO Joint Committee makes no provision for panels wit!10Ut beams if 
0 .. 75 <: alb > 1 .. 33 
~H~Effect of stiffness of drop panel on distribution of moments not considered 
& 
All paaele alike 
Panels have point 
supports at corners 
~ b J 
Nl 
E I 
a a 
~Ib 
f M4 
iti.4
3 
m'l 5M3 
Panel A 
m J 
2 
m1 
FIG.. 1 IDeATION OF BEAM AND SLAB MOMENTS 
I-' 
~ 
M2 
., 
l\ 
.~. ':J 
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0.1 
o O I' . ) 1 1.5 2 ) 4 ~I 
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FIG. 6 SlAB K>MEIfI'S ALONG CENTER OF PANEL - ALL PANElS LOADED a./b = 1 
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179 
180 
~ .. O 
0 .. 9 
0 .. 8 
0 .. 1 
-.. 
~ 0 .. 6 
~ 
~ 0.5 Ol 
6 
&: 0.4-
'-" 
I~ 
0.3 
0.2 
0 .. 1 
0 
·v 
... :/ 
V ~. 
.V 
V 
II' V 
V RaJ lie of' Variables 
V l~/b ... 0.5 ... 2.0 c~ 
-
0 
-
• 
l& a ~~ - 0 ... • Line p! em ~t 
V cone .ponde p.ce 
o 0.1 0.2 0 .. 3 0 .. 4 0.5 0.6 0.7 0.8 0 .. 9 1.0 
S 
a 
a+S 
a 
FIG" 11 COMPARISON or EMPIRICAL :roBMULA WITH COMPV.rED VALUES ... 
ALL PABELS LOADED 
(a.) Checkerboard 
loading 
b 
(d) Two adjacent and 
alternate rovs loaded 
(g) Edge panel 
~I~ 
~ 
(h) Corner 
panel 
(b) Alternate rows 
loaded in b direct ion 
(e) Checkerboard loading 
for ~::rum negative 
slab :ioment 
(i) Institutional plan 
floor system 
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( c ') Alter .I.la te rovs 
loaded in a directiou 
(f) Edge panel 
(j) tnst:: tutional 
plan floor system 
FIG. 18 PRINCIPAL LOADING CASES CONSIDERED 
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